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Nature has endowed the State of Jammu and
Kashmir with vast and rich mineral resources, which for
want of complete and consistant data with regard to their
structure, composition and properties, could not be
successfully exploited for the benefit of any clay based
industry. Increasing developmental activities in the State
and greater emphasize being laid on the utilization of
regional resources for the industrial development of the
region had compelling effect which motivated the author to
undertake the studies on six clays from Jammu Province. The
clay deposits at Parmandal which occur in three varieties and
those at Jagati, Khanpur and Jungle Kali have heen chosen for
the purpose. The sites of these deposits are well connected
by road and their estimated cumulative reserves fall around
8,00,000 tonnes.

Scops of the studies have been essentially kept
limited to the extent of predicting the physico-chemical,
mineralogical and electrical properties of the clay minerals
so as to p:asnnt a comprehensive data which may provide
stimulous for further basic research or prove useful for any
meaningful utilization of these, thus far, unassessed and

unexploited resources.

Physico-chemical studies include the determination

of properties like pH, slaking, swelling, the maximum and
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minimum water of plasticity, plastic flow characteristics,
workability, dry hardness, dry linear shrinkage, specific
conductivity, specific gravity, heat of wetting, spalling
resistance, mechanical and particle size analysis, besides
viscous flow characteristics of clay suspensions of varying
concentrations with and without the addition of slectrolytes.
Also, in addition to the temperature varjation of colour,

the fired characteristics, namely; density, porosity and
shrinkage have been studied in the temperature range of 600
to 1100°C, the maximum temperature of the experiment.

Mineralogical investigations involve the
identification of constituent clay minerals present in each
sample as estimated from base exchange capacity, chemical,
dehydration and differential thermal analysis data. X-ray and
infrared technicques were also exploited for the purpose and
the results supplemented to ascertain the mineralogical
composition,

Electrical properties of clay compacts with
reference to electrical conductivity, dielectric constant,
dielectric loss and dielectric strength were studied with
different soaking periods between B0OO to 100900, the region
in which fluxes melt, glassy phasc‘appaara and porosity
approaches minimum. The corresponding changes in the
density and porosity of the compacts were also recorded to

correlate the results with the observed electrical behaviour.
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Exceeding the limit and scope of the project
primarily concentrated and directed to investigate the
properties of only clays, a moderate attempt was also made
to study the electrical, thermal and some mechanical
properties of a triaxial system (clay; quartz: feldsparsi:
2:1:1) using the only kaolinitic variety. The composition
compacts pressed at 7000 psi were fired for 3 hours at
1150°0 - the temperature around which soft porcelain or
stone were is usually prepared, The results obtained were
correlated with corresponding density and porosity values,

‘ Investigations reveal that all the clays are
alkaline in nature, though the alkalinity varies from sample
to sample. While clays from Parmandal, Jagati and Khanpur
slake faster and show higher swelling, Jungle Kali sample
is practically non swelling in character and takes much
longer time to disintegrate completely. But for th;TEattnm
layers of Parmandal deposits which are coarse, lean, less
plagstic and poor to work at, all other samples are fairly
compact, fine in texture, and possess good plasticity and
workability. Jungle Kali clay is the finest followed by top
layer of Parmandal deposits, Khanpur and Jagati.

Fired properties like density, porosity and
shrinkage show significant changes from around goo“c onwards,

the exact temperature and the rate of change being dependent
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upon the amount of fluxes, besides the particle size
distribution of the individual sample, The fired colour of
glays is found fairly compatible with the content of
colouring agents like oxides of iron and titanium present
in each case. But for Jungle Kali sample, all other clays
vitrify around 1000-1100°C.

Chemical analysis data give silica-~alumina
ratio comparable to bentonites for all clays, except Jungle
Kali which appeared kaolinitic in character. Base~-sxchange
capacity coupled with the swelling bshaviour and chemical
analysis data sssert that with the exception of Jungle Kali
sample all others are Ca-fg based bentonites, though
associated with small amounts of Sodium and Potassium ions.
Dehydration, Differential Thermal, X-ray and Infrared analysis
gonfirm that in these bentonites, montmorillonite is the
principal mineral constituent, though in association with
varying amounts of illite. Kaolinitic sample has kaolinite,
guartz and illite in it. All the clays appe ar to contain
small amounts of some other undetected clay mineral impurities
also.

Electrical conductivity, dielectric constant,
dislectric loss and dielectric strength of clays increases
with the increase in temperature, as well as, soaking period
presumably owing to the development of crystalline phase

in the matrix. While the presence of titania enhances the
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electrical conductivity depending upon the amount present
in each sample, the deleterious effect of fluxes and
beneficial effect of titania on the dielectric constant of
clays has also been cbserved, With the sxception of Jdungle
Kali sample, the two bottom layers of Parmandal deposits
show comparatively higher electrical conductivity and
dielectric loss which may be attributed to the presence of
higher percentage content of alkalies in them, Iron oxide,
hawever, decreased the dielectric strength of the specimens,

The variation in the physical properties,
like density and poraosity of the clay samples has shouwn
good relationship with their electrical response,

In triaxial system studied with only ons
composition, although slectrical and thermal conductivity
results have heen found fairly in agreement with the standard
values reported, its dielectric, compressive and transverse
strength is rather poor. Expansion contraction behaviour
of the body composition shows the alpha~beta transition
bstueen 500-650°C due to the presence of guartz. Alse, the
initiation of the formation of mullite phase has been ochserved
at 1150°£, as revealed by X-ray diffractogram of the fired

material,

The thesis has been divided into five
chapters dealing with (1) a brief introduction of the project,
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plan of work and literature review, (2) experimental
methods and procedures adopted during 1nvaatigetions,

(3) observations, results and discussions on clays,

(4) brief study on the triaxial system and (5) conclusions

with general discussions, respectively.
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CHAPTER « 1

INTRODUCT ION, PLAN OF WORK AND LITERATURE REVIEW
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1.1 INTRODUCTION

Clays form one of the primary and most

gssential raw materials in number of industries like

rubber, paper, paint, pharmaceutical, cement and ceramics.

Large deposits of various types of clay minerals occur
in the State of Jammu & Kashmir. Although, thess
deposits were explored long back and Geologists are
still busy surveying to locate fresh ones, it is
unfortunate that practically no attention has besn paid
in the past to characterise and evaluate even those
discovered by Middle Miss, almost half a century ago.
Consequently, even very rich and vast mineral resources
of this region have either remained unexploited for use
in industry or used to produce the products of doubtful
qualitye.

With present tempo of development and
industrial growth of this otherwise backward State, as
well as, to meet the requirements of existing clay
consuming industries in the neighbouring ones, which
at the moment depend upon the supply of raw materials
from places situated far away from the units, it is
felt desirable to characterise some of the deposits of
this region to pave way for their possible exploitation
in industry. As a matter of fact, it will be more




appropriate and economic as well to develop clay-based
industry in this region itself so as to utilize the
available indegenious material rather than to depend
upon the import of the products. Indeed any such move
which is directed towards the evaluation of raw
materials will not only help accelerate the pace of
industrial development of the State while consuming
its oun resocurces but alsc increase the employment
potential and contribute towards an overall welfare
of the people of the region.

From the point of view of consumption of

the products, if manufactured locally, there exists

‘caough demand for house~hold crockery and other soft

porcelains in the State. In addition to this, 3nnng
and Kaghmir being on the tourist map of India attriets
heavy influx of tourists running into millions every
year -~ a factor which can provide an additional
market for decorative products also. Further more,
with the coming up of Salal and other hydroelectric
projects in the region, there will be an ever increasing
demand for ceramic insulants needsd for the transmission
and distribution of electrical energy.

It is indeed, in view of above considerations
that it is planned to evaluate some of the mineral

deposite, particularly those situated in Jammu region,




with their estimated reserves well over 8,00,000 tonnes.
These deposits are well connected by road to National
High Way and the :&n head at Jammu. Investigations
to be carried out are broadly categorised under two
headings, namely; (i) eharacterisation which will
include the determination of physico-chemical and |
mineralogical properties and (ii) electrical response
involving studies on the electrical conductivity,
dielectric loss, dielectric constent and breakdown
voltage of clays. 1t may be emphasized here that no
consistant work has been done, till data, even to
establish the charactsr of these q:paaita. it is
believed that the investigations will not only reveal
thus far unestablished nature and aharaatar of these
deposits, but also provide basic data which may act as
an indicator for their ppssible utilisation in various
clay~based industries. Needless to mention that most
essential prerequisite for the application of a clay
mineral in any industry is to know and understand its
physical, chemical and mineralogical characteristics
besides electrical, thermal and mechanical response.
1.2 PELAN OF WORK:

The physico-chemical properties of clays
proposed to be studied arej the colour at room and upto

around vitrification temperature, pH, slaking, swelling




specific conductivity, dry linear shrinkage, dry
strength, heat of wetting, spalling resistance, besides
maximum and minimum water of plasticity and other
plastic flow characteristics. Further, the studies

on the viscosity of eclay suspension of various
congentrations and the effect of addition of
electrolytes is included to have information regarding
the role played by the ions associated with the latter
in changing the viscous flow characteristics of the
former. Particle size analysis of the samples will
repressnt the percentage of particles present in
different size ranges and eneble to assess tha clay
content in each sample. Mechanical analysis will alse
help in this direetion, particularly to know the
percentage of particles having size greater than that
of clay i.e. the fraction of silt and sand. Indead,
the studies on the particle size distribution have
significant effect on and bear close relationship with
the properties of clay minerals both in their raw and
fired state.

Cation exchange kapaaity measuraemants
provide useful information te ceramists regarding the
nature of minerals in a clay and to identify the latter.
Montmorillonites and even some finely grained illites

absorb and hold cations by weak electrical forces dus
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to ths charge deficiency within the lattice. One can
customarily distinguish between clays according to the
type of cations they predominently absorbs Chemical
analysis data will add to this and reveal various
chemical canatit&cnta present in a clay, such as, the
amount of fluxes, alumina end silica etc. This
information not only helps though in a limited way, to
identify the type of the principal mineral present in
a clay, based upon its silica=alumina ratio and the
presence of other constituents; but also acts as an
indicator to assess the behaviour of the material at
high temperatures. Firing charascteristics,; ©.9j
density, porosity and shrinkage are discussed in view
of the role played by fluxes and other chemical
constituerits present in the samples, in addition to the
particle size distribution in them.

in erdir to identify various constituent
minerals present in sach clay, mineralogical studies
are proposed to be carried out. Since clays are
generally considered to be admixture of various
minerals, it is considered unreliable to derive
conclusions based upon the results cbtained using only
one or tuo techniques available for the purpeses In
the ar#eant work it is proposed to carry out the
mineralogical analysis through dehydration, differential
thermal, x-ray, infrared techniques, and supplement

the results obtained in each case with a view to know




mineralogical composition of materials, as best as
possible,.

Electrical response such as electrical
conductivity, dielectric loss, dielsctric constant
and dielectric strength will be presented for clay
compacts pressed at 5000 p.s.i. employing different
soaking periods, in the temperaturs range of 800 to
1000°C, This temperature region has been chosen for the
simple reason that fluxes which are present in clays
and effectively control the electrical properties melt
in this temperature range. The corresponding changes
in physical properties like density and porosity of
compacts will also be measured and results correlated
with the observed electrical behaviour.

Thus, the proposed plan presents a well
coordinated approach adopted to characterise six clay
mineral deposits as mined and also study their electrical
behaviour to have an indication for their possible
utilisation in insulator or any other related induatry.
Indeed, it is a first attempt of its kind in which
such a comprehensive data on Jammu clays has been
provided, with a view to exploit the resources for the
development of clay~based industry.

0f all the properties exhibited by ceramic

materials colour is most fascinating, impredictable and




difficult to reproduce with precision in fired ware.
Colour of natural occuring clays vary over a wide
range. While Rajula bentonite is pale white occasionally

having greenish, buff and light brown aatehot‘

3§ those
from Jodhpur, Karule, Akli and Hathi-Ki~Dhani show
ferrogenous impurities after firing. Huaryz described
different compositions of oxides of elements which
impart colour to the ceramic materials. Ghesh and Sen>
studied the fired colour of clays in relation to their
F0203 and ‘l‘z.ﬂ2 content. pH of a clay indicates its
alkaline or acidic nature. It has been attributed to
the presence of hydrogen, at least in part, as
exchangeable cations in a sample. pH valuss of #ann
ok € attributed

slaking to the increase in the thickness of absorbed

Indian clays have been reported ' . Yodar
water film and expansion of the clay minerals. It is
belzaveg that slaking can be decreased by electro-osmotic
and electro-~chemical treatment of a clay and alse by
the introduction of organic cations which develop
hydrofabric qualities in it., Clays slake more readily
in water than well laminated shales: The better the
orientation or lamination, the poorer the slaking
prapnrtiesag

Swelling of a clay depends upon the

amount and type of soluble salts and the minerals present




in it. It has been anmonatxatedg that the extent of
adsorption is strongly dependent upon the nature and
concentration of associated ions. Bentonites show

higher swelling whereas kaolinites give very low valua:10.

11

Sen Gupta ' studied the swelling behaviour of different

bentonites from Jodhpur. Some Indian 3&&#&“&%0.12
reveal conchoidal or subconchoidal fracture compatible

13

with the observations of Bgach and Francis ~« Davies

W Jhoved ‘thak aven 2% salt solution reduces

and Vacher
the swelling markedly. Effect of sodium carbonate
treatment on the swelling behaviocur of some Indian
clays has also been rapnztad15.

It has been saggasksd that dry linear
shrinkage of elongate and fibrous clay minerals is
- yelatively large; also, coarser particle dry more
readily than the finar1§» Kaal&nitas17 show very low
dry linear shrinkage as compared to bentonites. It has
18019 that in kaolinitic clays the

ampunt of shrinkage decreases in the order of H,Ca,K

also besn shown

and Na.

Ananymantza

concluded that dry strength
of clays is closely related to their particle size.
The presence of adsorbed sodium ions is bnliewsd21“?3
to enhance the dry strength values than do the other

common cations. Howsver, the interactions bestween the




exchangeable cations have been thought to produce
gelatinous precipitates at particle contacts, lowering
the strengthz“. An increase in the dry strength was
observed2> with lower porositiss and higher packing
densities. But Veymouth and uzlliamaen26 congluded
that these factors do not always decrease the strength.
In a plastic clay it may be influenced by the water

content 313927“29»

Berncs

g defines the plasticity as ths

ratio of the shrinkage water and the water of plasticity.
ﬁhiktaﬂe£e31, however, impliss water of plasticity as

the amount of water to devslop ghe plasticity of a

clay and to bring it to a good workable consistancy.

Clay workers, generally, consider it as an index of
plastiaityaz. Norton=> ohserved that plasticity of a

aléy varies with its water content. Worrall and ﬁhﬁﬂa‘
concluded that the plastiecity indices are independent
of moisturs content over a widse range. Plasticity of a

35038 painly cue to the platy nature

37

clay is considered
and fineness of its particles. Baver and Uinterkosn
indicated a close relationship between the water affinity
and plasticity index, Hauser and aehnnonas discussed
plasticity of clay from colloid physical stand point.
Das et al”’ studied the workability of Indian bentonites.

It is observed that calcium or magnesium based clays
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are better to work at than sodium or potassium ones.

1140

Prasad et agserted that clays having good

vorkability may not have high bonding power,

The dependence of viscosity of a
dispersed system on the volums concentration of
particles in it has been theoretically calculated by

Es,nst.aj.n“ and Mnma}'u; The reduction in the apparent

viscosity on adding NalH and NaESiGS has been discussed

43=45

by various uorkers » Recent work in colloidal

ahamiatry“s indicate that the suspended particles are
in sguil-ibrium betwsen repulsive and attractive forces

and this equil-~ibrium can be varied by adding ions.

47

Organic matter , the size and shape of the part;elasas

also greatly influence the viscosity. Bose®® studied
ths effect of various electrolytes on the flow
49

proparties of Rajmahal kaolinite. Guha st al =~ established

a direct relationship betwsen the nature and quantity of
organic matter and the casting propsrties of clays.

Flow characteristics of ceramic clays studied by Hen-ry

50

and Taylor™ show relationship bestusen the chemical

‘composition and their physigal behaviour.

51=53

Various authors determined the particle

gize of clays hesed upon the principls of ssttling of

suspension by gravity or by centrifugal forces.

&4

Jacobsen and Sulliven™” successfully employed centrifugal
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method which was later used by Mandal and Lahiriss for
determinining the size distribution of finer particles
in Indian ceramic clays. Some autharsss'57 employed
Andreasen pipette method for determining particle

size distribution using water as settling medium.

Roy"®

- congluded that the proportion of fine particles
in china and fire clays is less than that in bentonitic
and jllitic varieties. Banerjes and Ehattarjoasg has
studied particle size distribution of some Indian
clays. Ahdel Aziz et a1%% found the linear relationship
betwesen the logarithim of the particle size and
probability of cumulative percentage of some ﬁgypﬁiaﬂ
kaolinities. Dinsdale and Wilkinson®! related the
technological properties such as porosity, density,
shrinkage, strength etc. with the particle size
distribution of the raw materials.

Chemical analysis of clays has been carrtag%
out by various investigators using different technigques.
In Dian'sﬁz approach geothite can be guantitatively
removed from clay under controlled conditions. Although
8132/&1233 ratio obtained from chamiéal analysis of a
clay may indicate its approximate refractory value, yet
this ratio has limitations and can not be relied as
criterian to identify specific mineral present in a

clayﬁs. Bennottﬁi‘dancrihad a method in which silica is




pea
&S

determined by combined gravimetric and spectrophotometric
method. Although the determination of silica by
precipitation as potassium flurosilicate has been

55’56, yet it is not considered®’ applicable

‘suggested
to most materials due to the interference of elements
like aluminium and titanium. Mitra ¢£ 1158 have
reported a method for the determination of total iron
content in silicate materialss Sen®® has described a
quick method for simultaneous estimation of silica and
alumina in alumino-silicates. |
The base exchange cepacity of clays
determined by difraéent investigators varies widaly.

70

Grim = has given the range of bec values of different

L& observed different cec

clay minerals. Samson et al
values when measured by Kjeldahl distillation of

ammonium montmorillonite and photometrically by

displacing sodium ions. According to Jehnson and Narten‘“,
only positive active areas absorb OH ions preferentially
which are firmly held by the particles as if they are

an integral part of the solid. Bﬁnaﬁz demonstrated that
Fszaa reduces the cec of clay minerals by clogging

action. The removal of organic matter from clays by lﬂé
temperature oxidation also effects eaa’z. Kelley and
3anney73 stated that cec of well balanced kaolinite

mineral, if explained on the basis of broken bonds alone,
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give rise to smaller values. It uas suggestnd?4 that
the possible adsorption sites may arise at the edge
of kaolinite layer. Kaolinite and illite show an
increase in cec with the decrease in the degree of
eryatallinity75’75

and Rajmahal china clnys?7 is attributed to the

+ While higher ceec of Travancore

presence of mica in them, Ratija sample is believed

to show high cec dus either to its disordered nature
having charge dafia&ené;es or the presence of illits
in it having higher exchangeable inns7a.

Baver and Wiﬂtareaxn37 have emphasizead
the importance of the development of orientation of
water molecules in the adsorbed water as the cause
of heat of uetting., Janert'® was of the opinion that
ion hydration is a major cause of heat of wetting,
while Sisfurkeg referred surface to be more important
than cation hydration. It uas auggostedﬁ1’az that
heat of wetting varies with the adsorbed cations.
Harmon and anulini?s have presented data showing an
increase in heat of wetting of kaolinites with decrease
in particle size, whersas no such correlation could be
established in case of montmorillonites. Heat of
wetting of Indian elays have not been reported by any

worker,.
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Satisfactory performance of refractories
in many applications depends critically on the spalling

a6

reaiatanucsﬁ"as. Hasseleman and ﬁunaaun87 indicate

the dependence of spalling resistance on the rate of
heating, heat flux or temperature gradient. P-wzno:aa
measured it in terms of loss in strength or weight,
change in elastic behaviour or number of cycles required
for complete failure of the material, It has been
suggestedag that too high or teoo low pcraiity of fire
clay deteriorate their spalling resistance.

ASTM has established that bulk density of
grains can be determined either by immersion in beiling

watargn

or mercury diaplncomentg‘. Raaruehtsz concluded
that a method using two minutes immersion in water is
applicable to all principal refractories. It was etataésa
that the density of relatively large aggregates can be
determined using mercury balance, where owing to the

high contact angles of mercury penetration in the open
pores doses not oceur, For porosity measurements standard
mercury. porostimeters have been described and discussed > >,
Nukharjeagﬁ demonstrated that the nature of raw material,
size distribution, mixing, grading, metheds and

techniques of firing greatly influsnce the fired

porosity of the samples. A number of invostigatarnaﬂ'gvﬁga

have studied the fired propertiss of Indian clays.
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Various techniques have been employed to
study the dehydration characteristics of clay minerals.
Work of Nuttinggg, Ross and xnrr1aa"31 and Ktllny‘ﬂz
is note worthy. They studied the dehydration ptopqrtiﬁa
by heating clay minerals at different temperatures till
100 Showed that
kaolinites and illites lose very little water upto
400°C and 600°C, respectively; while in montmorillonites,

no loss in weight occur. Ross and Kerr

the rapid loss of OH water begins at saa”ci However,
dehydration is complete in all clay minerals around

800/900”c, Puri'®® 104 105

s Kuron and Alexander and Haring
plotted dehydration curves of water content versus
106 a1s0 studied

the role of water vapours in the dehydroxylation of

vapour pressure. Brindley and Nakahira

clay minerals and showed that size, shape and packing
density influence the dehydration rate. Cold Well and
ﬁa:shall1ﬂ7 studied the effect of particle size on the
dehydration characteristics of montmorillonites and.alao
showed that irreversible dehydration depends upon the
exchangeable cations present. Dehydration behaviour of
Jodhpur and Karauli bentonites has been reported!®®,
Differential thermal technique of analysing
constituent minerals in clays has been widely used.

109

Grim and Rowland identified the minerals on the basis

of appearance and temperature of the peaks in D.T.A.
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curves of many binary and tertiary mixtures of kaolinites,
illites and montmorillenites. Tiny peak at 150°C was
attrihutnd”u to disordered fine grained kaolinite,

while its absence to nacrite, dickite or coarse grained
kaolinite. Poorly crystalline kaolinites shaw111 peak
temperature lower than that for well crystallized
variety, It is believed''2*'13 ghat fluxing impurities
suppress the exothermic peak in kaolinites. Various

114-116

investigators ebserved the appearance of

characteristic endothermic peak in Indian bentonites at

117
temperatures lower than for montmorillonites. Speil et 321

studied the differential thermal curves of mixtures of
kaolinite and montmorillonite in different proportions
and observed dual peaks at 580%C and 712°C. Rny1%e
calculated aresa of the peask due to dehydroxylation and
related it with the surface area. 1t has been euggaakodqig'
that the nature and the temperature at which exothermic
peak appears at high temperatures depends upon the
extent of substitution of AL™ in the tetrahedral
position and the resulting phase that appears.

Non destructive technique of x-ray analysis
has been extensively employed for identification of
mineral constituents in clays. Bradley et a1126 and
121

Mac-Ewan'“' made significant contributions in applying

this technique in clay mineralogy. According to
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22, in montmorillonites, structural

Grecna«Kalley?
change arises mainly from the octahedral layers. The

basal reflections of montmorillonites vary from 9,4A%14A°
which, generally, appsar very braad and diffused and
depend upon the exchangeable cations prusuﬂt’zsb The
essential characteristic of kaolinite pattern is
manifested in the group of triplets 2.55, 2.52, 2.49 A°®
and 2,37, 2.33, 2.28 A%, Illite gives a first order
reflection of 9.9-10.1 A%, It has been pointed out!24=126
that the position of (060) reflection and the intensity

of the second order basal reflection can uwsually be

used to dishingu1;$ between dioctahedral or trioctahedral
layers. Grim and Bradley124‘ntudiad the effect of major
substitutions in the mica lattice and the intensities

of (001) reflections. According to 62&m‘27, in a random
interstratification of primary mineral with only & few
layers of the second mineral, the x=ray diffraction
pattern will differ very little from that of dominent
mineral. Random, as well as, ordered interstratification
of illite and montmorillonite layers in bentonite has

been established thzuﬁgh X=ray tachniqnu‘za“1aa.
Interstratifications of biotite and chlorite, vermiculite
and chlorite, montmorillonite and chlorite have also

been fﬂpﬁrted151. Searle and Grim-ghaw'>2 tabulated the
interlayer spacings and the corresponding intensity of

different clay and non clayey mindrals.
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Infrared spectroscopy provides in it a
quick method for identification of clay minerals. It has
been suggaetad133 that the best spectra are obtained
with sample having a narrow particle size distribution.
The absorptions in the ranges of 2,7 to 3.2 micron and
6.0 to 6.2 micron are astigﬁad134 to hydroxyl and
hydrated water respectively, A careful study‘35’136 of
dehydration behaviour of seriss of montmorillonites
indicate that the characteristic absorption at 2,75 micron
represents the presence of lattice hydroxyl called
unbonded or free hydroxyl because of ite crystallographic
similarity to the hydroxyl of the strong alkali metal
bases. Keller et al'®! have described the band between
9 to 10 micron due to Si0, group, although conclusive
distinction betusen absorptions due to silica tetrahedra
and aluminium octahedra has not yet baén made.
Montmorillonite, illite and muscovite show the
characteristic absorption peaks between 9 to 10 micron,
while kaolinite and halloysite is identified in the zanﬁa
10 ¢o 11 micron. Usually montmorillonite and illite,
when present together are difficult to ﬂiatinguiéh*gk
as their characteristic peaks are very close and lie
at 9.6 and 9,7 micron, respectively.

Mineralogical investigations of xndian

clays from different parts of the country have been
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138153 mostly

carried out by a number of workers
employing D.T.AR., ¥-ray and I-R techniques.

With the dawslopmen:faaxamic insulator
technology in the recent past the studies on the
dislectric properties of the materials has attracted
a large number of workers in its fold all over the globe.
Inspite of tremendous work being done in this area of
study, it is hard to say that the various factors and
mechanism controlling the dielectric behaviour of
materials has been completely undsrstood.

Specific resistivity of magnesia, porcelain
and refractory oxides at elevated temperatures has been
:opnrtad’54“*ss. Ngrthrag155 suggested that electric
conduction in refractories is both electronic and
glectrolytic at elevated tempsratures. thaer1§7?ﬂund
no regular relationship between porosity and the |
resistivity and asserted that fluxes decrease the
resistance markedly. Wallace and ﬁuh158 raportgd the
change in electrical resistivity with temperature for a
number of refractory materials. Ford and Hbitu‘sg
attributed the different resistivity values of ceramic
materials to the configuration and defects within the
lattices Kraner'S® emphasized that interpretation of
electrical conductivity of refractory materials cannot

be done solely on the basis of chemical and mineralogical
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41614162

composition of the sample. It is suggeste that

impurities eand even technological parameters influence
conduction phenomena. Electrical measuremsnts made on
ceramic materials at room temperature shawiﬁz“ias'thak
porous bodies may give erronesous rosults unless they
are thoroughly dry. ?zaz which is knoun as reduction

samiconductor decreases the rnsistanae’55»137i

Weyl
and Forland 0 believed that the Aintroduction of
relatively small number of fine valence cations cause
the reduction of an equal number of ?i*“ku Ti*a thus
preserving the electroneutrality of the lattice.
Bryaanqeg and Sutton and silwarmani?n have shown that
the electrical resistance of glass drops almost in
direct proportion to the decrease of viscosity uith
rising temperature, It was atrausadisg that sven 5% of
alkalies, which enter porcelain through feldspar,
rapidly decrease the resistivities. The microscopic
171,172

study of insulators reveal microcracks in the

glassy phase and in quartz grains. Rigterink*gs
demonstrated that materials with strong covalent bonding
and lesser number of ionic carriers show excellent

dielectric properties and asserted that slectrical -

properties improve with the improvement in microstructure.

The dielectric loss of the materials,

174

generally,improve as the alumina content increases
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and the glass content decreases. The temperature at

which an insulator will fail under any particular

voltage gradient has also been predicted from

tampazatﬁru resistivity aﬂrvac1?4. Von Hippai‘7s reported
that in crystals, the dc break down strength increases
with temperature in low tsmperature region, while it
decreases in case of emorphous materials. The mechanism
of dielectric break down strength of different types

of solids have been explained on the basis cof electronic
prucasaes‘75'17?. In porcelains, strength increases
greatly when alumina is substituted for flint‘va. The
effect of variations in the fineness of quartz and
feldspar on the dielectric strength of electrical

179, 1% e belisved

181

porcelains has also besn studied
that size of specimen, ahage’sa and porosity also
affect its dislectric strength.

. &uggzatadiaa some Indian clays to sssess
their suitsbility in electro porcelain bodies., The use
of Indien talcs for the manufacture of low loss
insulators and steatite bodies has also been

195, WA oy Pean etk sethin ™ v e

186

reported
found suitable for electrical porcelains. Choudhary
has worked on the electrical insulants making use of
an Indian china clay.
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This chapter deals with the experimental
techniques employed during the couree of investigations.
For the sake of convenience, it has been divided into
three parts relating to the methods and procedures
adopted while determining (i) Physico-Chemical,

(11) Mineralogical and (iii) Electrical propertiess of
clays which have been discussed separately in
sections 2.1, 2.2 and 2,3, respectively.

Six clay samples, 50 ¥§ each, were collected
for investigations at the site of the deposits through
the courtesy of the Department of Glaiagy and Mining,
J&K Government, Jammu, The clay minerals collected
include three varieties of Parmandal deposits and those
occuring at Jagati, Khanpur and Jungle Kali. As these
samples were available in the form of lumps of varying
size, they uwere crushed to small pieces and further
sampling done in the laboratory according to the
procedure laid for the purpose., Each clay sample was
poudered to pass through 120 ASTM a&qv§ and the material
stored in separate containers for further use. The
laboratory number was assigned to each cglay as given
belows ‘

Parmandal deposits (top layer) wwe Clet

Parmandal deposits( middle layer) === Cle=2
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Parmandal deposits(bottom layer) === Cle3
Jagati deposits e Cled
Khanpur deposits e CleS
Jungle Kali deposits wer Cle

This section has been divided into two
sub=gsections 2.1.1 and 2+.1.2 dealing with General and
Fired properties, respectively.

2.%141

The section covers the determination of
properties like, colour, pH, slaking, swelling, water
of plasticity, specific conductivity, heat of wetting,
spalling resistance, mechanical analysis, particle size
analysis, viscosity, specific gravity, base exchange
gapacity and chemical analysis.

(1) Lolous:

The material in the form of powder
{~120 ASTM) was examined visually for colour at room
temperature, Also, the change in colour uwith temperature
was recorded upto 1199“8_ The dominent colour was
assigned to each sample as per specifications laid
doun by Indian Standard colours for ready mixed paints.

(1) pH:
15 gme of dried poudered material was

added to 150 mls. of distilled water and the mixture
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given a continuous shaking for 3 hours with an electric
stirrer operated at 3000 RPM., pH of the suspension was
measured with phillipe precission pH water PR-9405; M/90.
The buffer solution used in the measurements had 8.4 pH
and was prepared by dissolving the standard tablet in

100 c.c. of distilled water without shaking.

(1i1) Slaking:

Cubes of approximately 2 em side length
were prepared from the plastic mass and dried at 110°C
for 2 hours. One by one, sach specimen was kept on the
top of IS sieve 270, placed in the water-bath maintained
at 30°C and the time taken by it to disintegrate
completely noted. Five test specimens of each clay
were used and the average slaking time recorded.

(iv) Swelling

10 gme of dry powdered material (=120 ASTM)
wvas transferred to a graduated cylinder so that no
particle sticks to its sides and the level of the clay
column noted. A measured quentity of distilled water
eight times the weight of the sample, was then ulew;y
added without disturbing the clay column. The eylinder,
covered with glass disc, was ailuund to remain at rest
for seven days to permit the swelling of the clay.
Increase in the level of eclay column was noted after

every 24 hours to give maximum swelling in c.c/gm.
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The procedure was repeated thrice for each sample and

average value recorded.

(v) Dry Linear Shrinkage:

Tuo parallel lines, about 2 cms apart;
were drawn on the face of the tablets, three for each
clay, prepared from the plastic mass and when they
acquired some rigidity afier being exposed to the
atmosphere. The distance betueen the lines was measursd
under travelling microscopes The specimens were dried
at 110°C in a muffle furnace for four hours and the
distance between the lines remeasured and average
percentage of shrinkage for sach clay calculated.

(%1)

Samples (approx. 4x1x1 cms) were cut
directly from lumps using a sharp knife and their faces
grounded with 0000 emery paper. These samples were dried
at 110°C and placed over two wedges situated at about
6 cms apart. A uniform pressure was applied at the
centre of thé top surface by third wedge. Pressure was
increased slouwly till the test piece broke down.

Modulus of rupture in lba/inchz was calculated using

the relation

2 BT?
where Y is tha breaking load in lbsj L, the span lengthj;
8 ad T, the breadth and thickness of the specimen,
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roapectivaxy. Average value of five samples of sach clay
was recorded.
(vii) Vater of Plastieity:

To a known quantity of dried material wae
added distilled water, drop by drop, till it formed a
plastic mass which could easily be moulded to any shape.
Cubes of approximately 1.5 inch side, prepared from the
plastic mase were weighed and dried at 110°C till there
vas no loss of weight. The weight of the dried sample
was recovded and thes maximum water of plasticity
galculated as the mass of water in grams required to
make 100 gms of clay plastic,

For minimum water of plasticity, a known
quantity of the plastic mass was rolled on a glass
plate, applying uniform pressure by hand, to form a
thread. The process was repeated till the rolling of the
mass into thread was no longer possible. The crumbled
mass was veighed and dried at 110°C to a constant
weight. The lose in weight per 100 gms of the clay was
calculated to give its minimum water of plasticity.

The above teste were performed thrice for
each clay sample and average value of plasticity
recorded.

(viii) Plastic Flow Ch

acteristics?

Atterberg apparatus was ueed to determine
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plastic flow characteristics while adopting the following
procedure:
{(a) Ligquid limit and Flow Index.

120 gme of the sample (~250 micron) was
dried at 110%C for two hours and mixed with distilled
water to form a plastic mass. A part of the mass was
placed in the cup of the apparatus and squeszed and
spread at its bottom, While applying the minimum number

" of spatula strokes the mass was simultanecusly trimmad
to a depth of 1 cms at the point of maximum thickness.
The mass in the cup was then d&Vldgd by a firm stroke of
a grooving tool along the diameter of the cup and
through the centre line of the cam~follower, so as to
get a clear and sharp groove of uniform dimensions formed
in the mass. The cup was lifted and dropped alternatively
by turning the cramnk at the rate of two revolutions per
second and number of strokes recorded when the twe
halves of the plastic cake came into contact through a
length of about 1 ecm. Finally, a representative sglice

‘of the cake, cut at right angle to the groove including
the position in which the two halves anlaséaa#ad, was
taken and its percent moisture content determined. The
above operation was repeated thrice furAeach sample and
the average value of the moisture content retorded.

A curve was plotted on the semi-legarithmic
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graph between the water content on arithmatic scale

and number of drops on the logarithmic scale. The
moisture content corresponding to 25 drops was recorded
as the liquid limit of the sample.

The above curve was extended to intercept
the ordinates corresponding to 10 and 100 drops. From
the slope of the line, expressing the difference in
the water content at 10 and 100 blows, the flow index
was calculated using the relation.

Flow Index = W, = W,/ Log,, N,/ N,

Where w, and Hg represent the moisture content in
percent corresponding to N, = 10 and N2 = 100 blows,
raspectively.

(b) Plasticity index and Toughness index.

Plastic mass of 120 gms of the material

(«425 micrang) was prepared using distilled water and
allowed to rest for 24 hours so that water could
permeate through it, A ball of plastic mass weighing
10 gms. was rolled between the fingers and a glass
plate, applying uniform pressurs, to and fro, forming
a thread of same diameter throughout its length. The rate
of rolling was kept about 80 strokes per minute, The
‘rolled mass was kneeded together and the process of
rolling and kneeding repeated till the mass could no

longer be rolled inte thread. The percentage moisture
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content at this stage was determined to give the plastic
limit,

While the difference between the liquid
and plastic limit was taken as the plasticity index,
the retio of the plasticity index to flow index
recorded as toughness index.

(c) Liquidity index and Consistancy index.

Thess 1mdin¢s were calculated using the

relations

Liquidity Index = “a - Up/Ip

Consistancy Index = wl - uollp

where W  is the moisture content; Hp and Nl, the plastic
and liquid limits respectively; and Ip. the plasticity
index of the clay.

(ix) Viscositys

Viscosity of the clay suspension was

measured using Ostwald Viscometer. Clay suspension of
knoun concentration in distilled water was poured into
the left limb having narrow capillary section along a
part of its length. The time taken for the level of the
suspension to fall between two arbitrary marks ﬁ‘ and R,

2
was noted and viscosity determined using the relation

RIS, B 3
(Vtz VL‘ ‘k.‘ ?1

where’| , and | , are the viscosities of the clay
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suspension and water, respectively; t1 and ¢, the time
taken in seconds by suspension and water level to fall
from mark Rq to Rz; S)z and ?k are the densities of
the specimen and water, respectively.

Flouw curves were plotted betwesn viscosity
and clay concentration. Following the same procedurs,
the effect of different concentrations of electrolytes
(sod, carbonate and sod. silicate) on the viscosity of

clay suspension was also determined.

(x) Part]

. 5 gms of clay powder (-40 ASTM) dried
at 110%C for 2 hours was taken in a flask containing
200 mls, of distilled water and 10 mls. of sodium
pyrophosphate solution (24.55 gms. dissolved in 500 mls.
of water). The flask was kept at rest Por 24 hours
before its contents shaken for 17 hours by an electric
stirrer to ensure the dispersion of clay. The dispersad
medium was introduced in Andreasen appaiatus and the
volume maintained to the upper mark provided, by
adding more of distilled water., The cylinder was
shaken for five minutes and placed at rest. 10 mls. of
the suspension was taken out with the pipette at time
intervals of 2,5,10,30,60,120,240,360,1440 and 2880
minutes and each fraction cvapar&tad separately to dryness

at 110°C. The percentage weight of the dried material
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of each fraction was noted and the particle size

calculated applying stokes laus

r = _/ Shy/2(d,~ d,) gtxt0t
where r is the radius of the particles in microns; h,
the height of the suspension in cmsj y, the viscosity;
dy and dy, the density of clay and water, respectively;
t, the time in seconds and g, the gravitational force
{961 cms/soéﬁ).

(xi) Bechanical Analysisi

20 gms of a c;ay gsample dried at 1109C was
taken in a beaker with 60 mls. of 6% solution of H,0,.
The beaker was heated on water bath keeping its
contents stirred to avoid frothing. When the mass
became thicky; it was coocled; more of “232 solution
added and the mixture reheated. This alternate heating
and cooling treatment was repeated; every time adding
Ho0, solution, till most of the organic matter got
oxidised. Then, 25 mls. of sulphuric acid was added
and the mixture filtered through Buchner funnel, using
Whatman filter paper No. 50. The residue was washed

with hot water and transferved to I8 sieve 70 and rewvashed

with a jet of hot water until the clay particles could
no longer pass through the siecve. The residue in the

sieve was dried, uaighad‘ana its percentage calculated.
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In order to separate the silt and clay
fractions the filtrate from sieve No.70 was diluted to
1000 mls. in a cylinder; shaken well and placed at
rest. After 216 seconds, 25 mls. of the sugpension was
taken out Prom a depth of 10 cms. belou the top level.
The suspension was dried, ignited and weighed to give
the percentage of silt and clay together. Again, 25 mls.
of suspension was removed after 6 hours and 20 minutes
and the above procedure of drying, igniting and weighing
repeated, The difference of the two percentages so
caloulated gave the percentage of silt.

For fine sand content, the aup@ruant
liquid was decanted off and the sedimented column
transferred to 400 mls. beaker to which water was added
to bring the column upto 10 cms, from the base. The
beaker was allowed to rest for 216 secs. and the turbid
suspension poured out. This process of adding and
pouring out water was repeated till the suspension
became colourless, The residue wes dried, weighed and

percentage weight calculated.

A clean and dry specific gravity bottle
was weighed (M,) alongwith its stopper. Powdered
material (=120 ASTM), previously dried at 1109C, was
put into it and re-weighed (Mz). to give (N2 - u1),
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the weight of the powder. Bottle was then carefully
filled with kerosine oil and the weight of oil added
(Uz) noted. Finally, the weight (W U,) of the bottle
filled with only kerosine oil was taken and the true
specific gravity calculated using Archemedes
Principle.

(xiii) Specific Conductivity:

A known guantity of powdered material

(m12u ASTM) dried at 110°C was mixed with distilled
water in 1315 ratio. The mixture was given a continuous
shaking for two hours with an electric stirrer operated
at 3000 RPM and the specific resistance of the
suspension measured in mhos/cm, using Philips conductivity
bridge. The reciprocal of the observed resistance wag
recorded as the specific conductivity. Experiment was
repeated thrice for each clay and average conductivity
recorded.

(xiv)

10 gms of the powdered material (=120 ASTR)
dried at 110°C vas transferred to a copper calorimeter
containing 50 c.c. of distilled water. The increase in
temperature of the water uuu'manauvad using Cu«fe
thermocouple. Heat produced per gram of ths material
was calculated thrice for each clay to :ﬁngrd the
average value, Correction for water equivalent of the

calorimeter was applied in each observation.




(xv) Spalling Resistances

Circular pellets of 25 mm dia and 3 mm
thicknese, prepared from the plastic mass and dried at
110°C were introduced in a furnace maintained at
1000%C. The pellets were removed after 10 minutes and
allowed to cool at room tuﬁperatnra for the same period.
The heating and cooling cycles were repeated till
eracks appeared on the sample, The number of cycles
wvhen cracks initiated in each caese was recorded as its
spalling resistance, Three samples of each clay were
used to get average number.

(xvi) Chemical Analysis:

0.5 gms of poudered sample was dried at
110°C for 2 hours and fused with 3 gms of ﬂa2533
in a platinum erucible, The fused mass uas transferred
to a beaker using acidified water, and evaporated
to dryness. The residue was washed Q&th acidified
water till free from chloride and the filtrate (1) kept
for further observations. The residue was dried and
weighed (HQ). To estimate silica content the residue
was treated with WF and dried number of times, In
order to avoid loss of titania, 2-3 drops of 131 H2334
was also added each time alongwith HF. Finally, the

weight (V) of dried residue vas noted and (U = u,)




recorded as the silica content in the sample. The
remaining mass was then fused with potassium
pyrophosphate; transferred into Piltrate (1) and
volume made to 250 mls,

50 mls. of the above solution was
acidified with 2-3 drops of congentrated HNO, and
heated. To this was added 2«3 gms of HM‘Glg solution
boiled for 3-4 minutes and cooled before adding
methyl red (2-3 drops) and few drops of NH,OH. The
solution was allowed to stand for one hour for

precipitation. It was then filtered through Whatman
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filter paper No, 41; ignited te give a constant weight

and filtrate (2) kept for further tests. The ignited
residue which contains ferricoxide, titania and
alumina was weighed.

(a) Determination of Fuzﬂae

The residue was fused with potassium
pyrosulphate and the mass dissolved in 1310 Hgsﬂ‘ to
make the volume of the aligquot (3) to 250 mls. To
100 mls. of this, umne“ solution was added drop by
drop till it gave pink colour. To this solution,

10 mls., of 131 HCl was added and evaporated to about
10 mls, before adding 20 mls. of concentrated HClj;
heated to 50-60°C and Sncl, solution was then added
drop wise till the solution became milky. 10 mls. of
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Hgel, and 10-15 mls. of a mixture of H, 50, and HLPO,
(1:1) was added to milky solution which was then
titrated against D.01N solution of Kzﬁrzﬂ? using
diphenyl amine sulphonate as an indicator. The
percentage of Fnzos present in the sample was calculated.
(b) Determination of TiO,.
25 mls. of aliquot (3) was taken in
Nessler's cylinder (A). Blank solution was prepared in
cylinder 'B' with 5 mls, of 121 ﬂ2384, 1 ml., of
phosphoric acid and 2 mls. of quz‘ Standard titania
solution was prepared by fusing 0.5 gms. of pure
calecined titania with potassium pyrosulphate at low
temperature; fused mass was cooled; 6 mls. of
concentrated 3250‘ added ta it and the volume was made
500 mls. with distilled water. The standard solution
of titania so prepared was added in cylinder 'B°'
until the colour of solution in it matches with that
in eylinder 'A' and the percentage of ?192 determined.
(e) Determination of Al,0..
Alumina present imn the sample was
determined by difference.
(d) Determination of Cal.
To 50 mls. of the solution (2) was added
10 mls. of triethanol amine and 5 mls, of 5N NaOH.
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Mixture was titrated against .01M, EOTA solution using
0.2 gme. of Patton and Reade (P&R) as an indicator
and percentage of Cal calculated.
(e) Determination of MgO,
To 50 mls. of solution (2) was added
10 mls. of triethanol amine, 10 mls. of ammonia-ammonia
chloride buffer solution and 5 drops of eriocchrome
'blaak T indicator. Titrated the solution against
«01M, EDTA and the psrcentage of Mgl present in the
sample was calculated.
(f) Determination of Alkalies.
From the solution (2} the alkali metals
vere determined by flame photometery.
(xvii) Base Exchange ‘
A small known quantity of clay powder
(~120 ASTM) wae saturated with normal CHZCOONH,. The
mixture was shaken and few drops of ﬂﬂ431 added to it

as tracer: The clay was washed with GHSEH of pH 7 till

the excess of ammonium salts were freeds 2 c.c. of S0%
NaOH solution wes added to the washed clay, and

ammonia distilled off. The distillate was collscted

in 2 ce.ce of boric acid soclution containing bromocresol
green and methyl red and titrated with stﬂ“. Millilitres
of D.1N Haaﬁ* used per 10 gms of sample would give meq

of NH, per 100 gms. of clay or its base exchange capacity.
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2,1,2 Fired Properties
The firing characteristics namely density,

porosity and shrinkage of clays were determined, using
a muffle furnace, in the temperature range of 600 te
1100%C employing three hours soaking period.

(i) Aggarahg Densitys
A test sample (1" cubse) prepared from

the plastic mass and dried at 118°C for 2 hours was
weighed (w1) in air, It was immersed in kerosine oil
for 24 hours to ensure the diffusion of oil into the
pores and the oil saturated sample reweighed (W,) in
airs The difference (uz - H1) was recorded to give

the weight of oil diffused. The sample was finally
weighed (MS) in oil to get (U, = W,) the loss of weight
in 0il. Apparent density was calculated as

H.{/(u2 - Ma)xﬂ. Uhere D is the density of the il

used.

(ii) Apparent Porosity:

The liquid impregnation method as
described above was employed to determine apparent
porosity, using the squation:
(upii,)
(=)
(Notations have their usual meanings).
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(1i1) Lingar Shrinkage:

Two parallel lines were drawn on the
face of the tablet prepared from the plastic mass and
dried at 410°C, The change in distance betuween the
lines were determined at various temperatures,multiple
of hundred and the percentage shrinkage calculated at

each stage. Average shrinkage of three specimens of

sach clay was recorded,

The section describes the experimental
methods adopted to determine the mineralogical
composition of clays using dehydration, differential
thermal, x-ray and infrared analysis techniques.

(1) Dehydration Analysis:
One gram of clay (=120 ASTM) was heated

in a platinum crucible at 100°C until no loss in
weight occur. The percentage loss in weight was
calculated and the process repeated at each step
multiple of 100°C upto 1000°c, ALl weights wers recorded,
while the sample was hot, Ths heating rate of the
furnace used was 10°C per minute. Loss in weight was
plotted against temperature for each clay.

(ii) Differe

D.T.A, was carried out on sample

(-120 ASTM) using an automatic Hungarian derivatograph,
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Type 0D-102, with platinum sample holders and platinum=
rhodium thermocouples. Heating rate employed during
experiment was 10°C minute. Weight of each sample

taken with the corresponding sensitivity was 3

Clai;ﬁp. Wt, of the Sample Sensitivity

Cl-1 1.8 gms 500
Cl=2 - 127 gms 200
Cl=3 2.0 gms 200
Cl-4 1.7 gms 200
Cl=5 11 gms 200
Ll-6 1.0 gms 100

In view of the variation in sensitivity
and weights used, the amplification or e.m.f. in each
thermogram was reduced to a uniform standard before
1n£arpteting the individual curves.

(izx) X=Ray Analysiss
‘ X-ray analysis of clays (-300 ASTM) was
carried out by Xeray diffraction method using 57.3 cms.
erya—Stht-r Camegra and Cu KX radiations. The
generator was run at 30 KV and 10 MA for different
exposure periods, depending upon the crystallinity of
gach sample. All x-ray patterns were taken at about
30°¢C,
(iv) Infrared Analvsiss
Infrared absorption spectra of clays

were obtained (N.C.L. Poona) between 2-15 micron
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using Nujol es mulling agent.

2.3 ELECTRICAL PROPERTIES

Elsctrical properties of clays were

determined, while adopting the following procedures.
2.3.1 Preparation of Clay Compacts 1

To the clay sample (=120 ASTM) dried
to 110°C for four hours, was added 5 to 8% of water,
depending upon the naturs of the gample, for granulatione.
Granulated material was then passed through 40 and 80
sieves and (=40, +80) fraction used for preparing
the specimens. Circular pellets (20 mm dia, and 2.5 mm
thickness) were dry pressed at 5000 psi and dried at
110°C for about 24 hours.
2+3.2 Firing and fletellising

Clay pellets were fired in the temperature
range of 800 to 1ﬂ$9°£ eéplaying 1,2 and 3 hours soaking
period in a tube furnace using Platinum Rhodium
thermocouple. The flat surfaces of hhé pellets wcrn'
metallised by coating thin layer of silver paint and
fired to 700°C for 10 minutes to get uniform deposition
of the film.

Propert

Electrical properties, e.0.; electrical
conductivity, dielectric constant, dielectric loss

and dielectric strength of clay compacts were determined
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following the procedures given beslow?

(1) Elsci

A constant potential of 500 volts from a

power supply was applied across the pellet and the
corresponding current flowing through it noted. The
resistance was calculated using Ohms law, Actual
resistance was determined by multiplying the observed
resistance with a correction factor K, calculated for
each sample; K being equal to ?1@2/ 4t wvhere d, is
the mean diameter and t, the thickness of the sample
in cms. The reciprocal of the actual resistance was
recorded as the conductivity of the specimen.

(i) bielectric Constant:

The capacitance of sach specimen was
determined at 1 MHZ with current magnification meter
of type TF=1245, (Marconi Instruments Ltd. England)
using the relation C = 61 - ng where Cz and C1,
represent capacitance with and without introduecing
the specimen,

The Q@ values corresponding to capacitances
C1 and cz were also noted and dissipation factor

calculated as

Tan§ =

The dielectric constant (E) was calculated

————

=
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€. &
using the relstion E =

» whare A is the area
0.0885 A

in emazg t, the thickness of specimen in cms and C,
the capacitance in PF.
(iii) Dislec
Product of the dielectric constant of

the specimen and its dissipation factor (E x tans )
was recorded as dielectric loss.

(iv) Dielectric Strength?

In order to determine dielectric
strength, two spots of 1 mm dia were made at the centre
of the flat surfaces of the fired pellet with silver
paint and fired to 700°C for 10 minutes. A varying
potential from power supply of 5 KV range was applied
acroes the pellet till it produced the spark. The
voltage per mm thickness of the spucimen was calculated
to give its dielectric strength.

' ' All the above properties were determined
using three specimens for each clay and the average

of their values recorded.

e e |
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| In this ahaptar. the results obtained on
physico-chemical, mineralogical and electrical properties

of clays have been discussed in details in sections 3.1,

3‘;2 and 3.3’ r‘sﬂBQtiiﬂly-

Physico=chemical properties of clays are
those qualities and responses which arise out of the
mytual spacial relationship of its constituents. Over all
gbservable properties both in raw and fired states are
indesd a resultant of combination of physical, physicale
chemical and chemical properties, each to a greater or
lesser degree. The various physico-chemical properties
studied have been divided into two parts, namely General
and Fired and discussed in sub-sections 3.1.1 and 3.1.2,
respectively.
3.1.1 Bgneral Pry

(1) Eolouz:
‘ Colour is a manifestation of light snergy

and involves radiations of characteristic wavelengths,
gsensitive to the retina of a human eye. Though, apparently
only a minor property in raw ceramic materials, colour
indicates the presence of impurities in fired, as well as,
finished products. It also contributes to beauty particularly
in ornamental and some times in utilitarian-ware, where

a desirable colour is required.
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Observations (Table=1) show that Cl-1 and
6 are nearly white, while Cl=2 to 5 appear light grey.
Colour of Cl=5, however, appeared more intense than Cl«2,3
and 4, as the latter samples have higher content of fine
sand which decreases their colour intensity due %o
absorption phenomena. Colour of the clays, howsver,
suggest the presence of varying amounts of carbonaceous
matter, besides the compounds of iron and titanium, the
chief colouring agents,

(1i) Texturs:

Texture of a clay is said to be fine when
its conetituent particles are small and tightly packed.
Coarse texture represents large and looely spaced
particles. Also, the shape and grading of the constituent
grains determine this propertys. Texture affects
significantly the plastic and fired prapartiis of a
material. Indeed, in the product.of clay articles, an
adequate understanding and appreciation of this property
is very essential,

The texture of Cl-=1 and 6 is observed to
be extremely fine and that of Cl=2 most coarse. Uhile
the former two clays are aﬁmpanad of fine and closely
packed particles as also they have higher density, the
latter is most porous, light in weight and sandy in nature.

Also, Cl-2 to 5 shrink rather slowly, as compared to Cl=1
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and 6 as the former being coarser provide lesser surface
area of contact between its constituent particles than
the latter. Lesser the area of contact between the
adjacent particles, slover will be the reaction and higher
the temperature at which shrinkage takes place.
(111) pH3 | |

Most of the natural clays contain hydrogen,
in part at least, as their exchangeable cation. It is,
because clay particles have a tendency te absorb hydrogen
ions preferentially, Consequently, when a clay is
suspended in water, disscciation takes place and hydrogen
jon concentration in the suspension increases. Since this
concentration is extremely small, it is generally expressed
as the logarithsm of its reciprocal known as pH. The pH
of pure water which contains 10”7 gram of ions per litre
is taken as 7. Solutions having pH less than this are
acidic, while those with higher values are alkaline in
nature.

The pH of clays (Table-1) lie in the range
of 7.5 o 8.4 at room temperature (30°C), indicating
their alkaline nature, though the alkalinity varies in
each case. Cl»1 end 2 are more alkaline than Cl-3,4 and
6, all of which show rougﬁly the same valua,.cl-ﬁ is
least alkaline.

(iv) Slakinas
When a lump of clay is immersed in sufficient
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aﬁaunt of water, the electrostatic forces, binding its
gonstituent particles get uuakanadqa? and esventually it
becomes a soft 'mushy' mass. This physical change which

is known as ‘'slaking' has important practical significance
in geramic industry, where the raw materials have to be
converted to a slip or plastic mass for moulding and
shaping purposes. Clays which slake fast can easily be
tempered or mixed to form a homogenous mass.

Slaking tests (Table-1) reveal that Cl=-6
takes maximum time to disintegrate completely followed
by Cl=5, Rest of the samples slake in less than 2'-18".
The variation in the slaking time can be attributed to
the pare#ity, as well as, the forces of cohesion betuween
the particles constituting the individual sample, Cl=2
whiech is most lean and porous slakes much faster than
other clays. Being sandy in nature and stabiliswed by
only water film, it appears to collapse merely under
gravitational force without any appreciable swelling.
The uiaimuﬁ time taken by Cl-1 for disintegration is
compatible with its maximum swelling, reflecting the
development of internal stresses in ite fabric. With
absorption of water, the absorbed films are enlarged
causing decrease in cohesion between the particles
resulting in its faster slaking. Cl=6 slakes very slow
as it is most hard and dense with practically non-swelling

character.
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(v) Swelling:

WWhan a piece of clay is submerged in water,
the latter gradually permeates through the former,
loosening and separating its constituent particles and
resulting in an increase in its volumg., This phenomena
which is known as swelling is due to the absorption of
water within the crystal lattice. Swelling behaviour of
a clay sample depends upon various factors, s,g., (a) the
type and amount of clay mineral present in it, (b) the
nature and amount of exchangeable ions associated with
it, (e) the shape and the size of its constituent
particles and (d) the nature of soluble salts pressnt in
ite

Swelling behaviour of clays (Table-1)
indicate that Cl-{1 shows maximum swelling of 1.16 c.c/gm.
folloved by Cl=5,3,4,6 and 2, The observed swelling
behaviour of clays is fairly compatible with their texture,
plasticity, base exchange capacity, chemical and

mineralogical composition. Cl«1 besides being most plastic

and fine in texture also shows higher bec and montmorillonite

content in it. Clays which swell more show higher plasticity
and bec. ﬂerlngiaa has suggested that in montmorillonites
the absorbed water is associated with exchangeable base
where the water molecules coordinate around cations

between the layers of this mineral, Calcium bearing




montmorillonites, unlike sodium based, absorb less water

‘and thus do not show progressive hydvation resulting in

low suelling as observed in Cle1 to 5, Least swelling of
Cl=2 is also because of its much coarser and sandy nature.
Cl-6, though fine in texture, is kaolinitic sample with
very low bec and least amount of soluble salts and hence
shows poor swelling character. Swelling of clays is
fairly compatible with the caleium-magnesium uxidn‘content
in them,

(vi) Dry Linear Shrinkage:

It is defined as the reduction in size,
measured in length, when pore water is driven of? from a
clay mass. It has been auﬁgcstod1gz that with the removal
of pore weter, clay particles tend to take up positions
uwithin the force net work such that in new stable position
they have miniwmum energy. Such a movement of particles
usually accompanies plastic deformation.

Dry linear shrinkage of Cl=1 (Table=1) is
highest followed by Cle5, Cl=2 and 3 shrink least. In
general, dry linear shrinkage is directly rslatad‘ga to
the water of plasticity. Also, finer the particle size,
finer will be the capillary pore system in it and greater
will be the amount of water retained, as compared to a
sandy clay, where particles are larger, round in shape
and material has high poresity. High value of dry linear
shrinkage of Cle1 and 5 may be attributed to the higher
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content of water in them, their finer particle size and
higher plasticity. Low values observed in Cl-2 and 3 are
due to low water content, besides their coarssr nature.
Also, their poor structure and presence of non-clayey
material in them decreases their shrinkage. Low value of
Cl=6, which though very fine in texture, is attributed to
its very lov interlayer water content and kaolinitic

194,195 with quartz as a constituent mineral.

character
Dry linear shrinkage of clays besars direct relationship
with their data on water of plasticity.

(vii) Dry Strength :

Determination of the hardness of raw clays
is indeed important in so far as it is related to the
preparation of clays for use in indusiry is concerned.
it is because clays are usually crushed grounded and
converted into plestic mass or slip before mouldinge
Clays whigh can easily be crushed tp & fine size will be
cheaper, easy to prepare and, therefore, more desirable
than hard ones, In ceramic bodies which are largely
composed of single mineral, the measurement of this
property can prove reliable guide to their composition,
although in composite bedies it has little significances
Indeed; dry hardness valuss of clays wvary and do depend
upon the history of the samples - the metamorphic changes

undergone by them and the pressures to which they have
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been subjected, besides their mode of formation and

location etc. Literature139'19°

provides wide range in the
dry strength values of individual clay minerals, depending
upon the variation in particle size distribution, degrpa
of crystallinity and the nature of the associated
exchangeable ionss Dry strength of montmorillonite and
illite is, generally, higher than kaolinite. Poorly
erystalline minerals show higher dry strength as compared
to well organised minerals. Likewis®s, a clay composed

of mixed layer assemblages will give higher strength than
that with similar composition but with components present
in discrete units. Further, high dry strength is exhibited
by clays composed of fine particles with higher desnsity
and uniform texture. It is beliavad22’23’1g1 that Na*. if

associated, add to the dry strength more than ca* or ﬂg*+.
Presence of vegetable material acts as gluing or cementing
material and also enhances dry strenath. Thus nope of
the factors, as discussed above, can solely determine
this property.

Bbservétions on dry strength of clays
(Table =1) indicate that Cl=1 exhibit maximum strength
folloved by Cle5, it is least in Cl-2. Highest strength
attained by Cl=1 and 5 may be attributed to their fine
pattticle size distribution, Also the montmorillonite |
content in them is maximum which contribute to their higher
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strength dus to better interlocking of constituent
particles. Although Ci=2 and 3 contain maximum percentage
content of sodium ions, yet their comparatively low
strengths may be ascribed to coarser and highly sandy
nature and proportionately lesser amount of montmorilleonite
content in them. With the exception of Cl=6, the strength
of all clays bear a direct relationship with their
plasticity data, Cl=6 though very fine and highly plastic
clay, yet gives low strength possibly due to the presence
of kaolinite and quartz, both of which contribute to
higher porosity and provide a very weak bond resulting in
decrease in the strength. Thus the texture of the clay
alone dose not seem to be adequate snough to determine its

strength. Too many fine particles can also cause excessive

shrinkage, warping and distortion and reduce the strength.
(viii) Plasticity?

Plasticity, in all its aspects, is an
interguing phenomena in clay technology and may he defined
as the behaviour of sclays when they arae mixed with
insufficient amoun®t of water to permit flow. Clay workers,
often define it in terms of shortness or fatness,depending
upon the feel of the material. Unlike viscosity where the
suspension is sufficiently poor to fiow under its own
weight, plasticity represents the condition when the
body can sustain its oun weight, but cen be made to flow

only under applied pressures. As the water content of
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suspension is reduced relative to the amount of the clay,

the lubricating effect of the former decreases, causing
a decrease in the separation betuaan the individual clay
narticles and thus hindering free flow of the mass. In
this situation, the resietanﬁe to shearing forces
increases and when it is sufficiently large, the change
in shape of the mass becomes permanent. Plastic flow
implies that certain yield values must be exceeded bafore
any deformation takes place. Further, unlike viscous
flouw, it is irreversible phenomena, Plastic flow does
not occur until the force reaches certain minimum value
and when the force is removedy the shape of the plastic
body becomes permanent and does not return to its
original shape. Of course, there is no sharp dividing
1ine between the viscous and plastic flow but the gradual
transition from former to the latter takes place as the
amount of liguid medium is decreased.

In order to explain this property, it is
believed that clay particles when suspended in water
are surrounded by hydrospheres which contain ions of
different charges. Around the ultimate particle there
is a layer of negatiVQly charged ions which are balanced
by the sphere of cations diffusing into the hydrosphere,
When the hydrosphere is largs, the particles in the

suspension are free and viscous flow results. If the




hydrosphere is small, the water films separating the
particles become thin resulting in greater cohesion
betyeen them. The counter cations provide link betueen
particles and rigidity in linkage results in plasticity.
Under the applied pressure, charged particles move and
equally stable system is formed simultansously, which
retain its shape even after the removal of the forces
Thus, plasticity is associated with thin water film around
the individual partigle. If the thickness of the film |
is more than required, free flow will occur producing
plasticity; but if it is less, the individual particles
will touch each other and the plasticity will be destroyed,
Indeed, plasticity is a function of water content, the
optimum value being dependent upon the surface area
capable of being wetted, The absorbed water film provides
the continum in the méss and introduges rigidity, as well
asy tﬁe ease of deformations. It is balievad‘gﬁ that in
clay particles the thickness of the film is of the order
of 20004 units.

Wager of plasticity depends upon many

other factara1g7f201

also, such as shape, size orientation
and surface area of particles, besides the previous
history of the individual sample. _

Observations show that Cl-1 (Table-1)
is highly plastic folloved by Cl=5 giving 45.7 and 36.5

percent of maximum water of plasticity, respectively.

-3
[



Rest of the clays are roughly equally plastic, except

Ci=2 which is least. It is belisved that clays which

gwell more also give higher amount of water of plasticity.
Although, no exact relationship could be established
betusen the two, yet the overall observations of plasticity
are fairly in agreement with the swelling behaviour of
clays. Observations on minimum water of plasticity also
places Cl=1 as highly plastic and Cl-2 least.

202

Atterberg” expressed ﬁha plastic

properties in terms of plastic limit, liquid limit and

plasticity index etc. which have bsen daaerihadzes and

dafined294 as 3
(a) Liquid Limit,

The moisture content (percent by weight)
of oven dried soil at which it just begins to flow when
glightly jarred,

(b) Plastic Limit.

The minimum moisture content (percent by
weight) of oven dried soil at which it can be rolled
into threads of 1/8" dia, without breaking into pieces.

(e) 91aat15?1ndax¢

The difference between the liquid limit
and plastic limit defining the range of moisture content
in which the soil remains plastic.

Various plastic flow characteristics such
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as, liquidity limit, flow index, plasticity index, toughness
index and consistancy index, as determined by Atterberg
apparatus are given in Table~2: The order of the liquid
limit is the same as the water of plasticity determined by
adding water, drop by drop, to the clay pouder. Small
variations in the values may be due to the personal error
involved in the finger print method,

(ix) Workabilitys:

Workability is associated with a high yield
point and a large plastic deformation. WYorkable materials
must have particles which hold themselves together strongly
and allow a large relative sliding movement without
rupturing the bonding medium, Such conditions are generally
satisfied by small particles, although the type of minerals
present in a material also influence this property according
to the extent to which they fulfil the required conditiunsas.

Observations on workability (Table=1)
indicate that Cl=1 and 6 are most satisfactory as compared
to Cle3 and 4., Cl-2 is found to be very poor o work with
perhaps because of its highly sandy nature. Workability
of clays do not seem to show any cognizable relationship
either with water of plasticity or particle size. Cle6
though having low percentage of water of plasticity is yet
very good to work at as compared to Cle5 with higher
percentage of water of plasticity., Similarly Cle1 and 5
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though are roughly equally fine, yet Cle5 is comparatively
very poor to work with, It is believed that besides the
fineness of the particle, presence of vegetabls or organic
materials and the chemical composition of clays are
important factors which may govern the workability of a
clay. For example, calcium based clays are very good to
work at irrespect of their particle size. Sxmilaily. clays
having vegetable or organic materials are also very
satisfactory from workability point of view, Workability
of Cle«1 and 6 may be assigned to any of these factors.
(x) Viscositys

Viscosity of a liquid indicates its sase
to flow and may be defined as the ratio between the force
or stress applied to a liquid and the shearing strain or
the rate at which the fluid resists to change its shape
or motion, It is the frictional resistance of the molecules
of the liguid which is offered to similar molecules in
their immediate vicinity. In an ideal liquid the flow is
Newtomian i.e. the ratio of stress to strain is constant
and independent of the applied force. When the concentration
of the suspension is increased and clay minerals are added,
the deviation from the Neuwtonian flow occurs and the rate
of flow induced in the suspension would depend on the
resistance of the molecules of the medium and the

concentration of particles in it. Philipp-a?zus has
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suggested that viscosity of a suspended medium alse
depends upon the size and shape of the particles; the type
and concentration o? the slectrolytes used; the temperature
of suspension etc; For wvery low concentration of the
particles when their electric fields do not interfere,
Einsteins equation holds trunéq' 206. The concentration
at which the particles are so close that free rotation is
not possible has been dnfinedzg? as eritical point. Further,
the viscosity of a given slip concentration increasasras
the size of the particles decrease, Plate like fibrous
particles with surface factor larger than‘cubie or
spherical particles increase the viscosity.

Viscosity observations at room temperature.
(Fig. 1) show Cl«1,5 and 6 more viscoué than rest of the
samples due to their finer particle size. With the increase
in concentration, as expected, clay parﬁiclas become
progressively close to esach other thus increasing the
Prictional resistances and rcducing the ffee'motien of
the fluid, hence increasing the vlscasity. At . 0.10 gm/ml.
concentration of suspension, the increase in viscosity is
Found to 1lie between 19-29%. The high viscosity of Cle1,5
and 6 can also be explained on the basis.that the hydrospheres
surrounding the particles of these clnyskara weakly held
and get distorted sasily than those of othax clays which
seem to be more rigidly held. v
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The effect of the addition of electrolytes

@.9. sodium carbonate and sodium silicate on the viscosity
of 5% clay suspension has also been studied and plotted

in Fig. 2. It is observed that viscosity decreases by
14-20% and 23-33% corresponding to the addition of 4 meq
of sodium carbonate and sodium silicate, respectively.
Beyond this critical point, the separation distance
between particles becomes less than the size of particles
in the suspension with the result that the curve maintains
constancy even with further addition of electrolytes.
Observe decrease in the viscosity is dues to the decrease
in surface tension of particles in the medium, as the

addition of slectrolytes reduce the ﬁxag44

20

of the particles
in water. Norton $ has suggested that in floculated
system, the individual particles are in equilibrium
position, with respect to each other, on account of the
forces of attraction and repulsion., Flow in this condition

is possible only if the applied force disturbs the

equilibrium, In defloculated system, houever, the attractive

forces between the particles are absent resulting in much
greater viscosity with even slight disturbance.
(x4) Particle Size Analveis:
A natural occuring clay is, genarally,
composed up of particles of different sizes, ranging from

below 1 to 20 micron and even above, Strictly speaking,

[ i)
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the size of a clay particle lies below 2 micron and coarser
particles are considered silt and sand fractions. In a clay
based industry classification of the particle size and the
separation of its various fractions has wide implications,
if the product is to satisfy certain specifications,
particularly with regard to its texture, density and
porosity. Such a classification and aapasaiien indeed
attains importance when oversized and undersized undesirable
particles are to be removed from the material or conversely,
separated out valuable fine or coarse ingredients. As the
raw material is composed of grains of various shapes and
sizes, pagticle size distribution implies either the size
of inherent mineral crystallite, which is extremely smallj;
or grain size distribution. This property, although, very
important from industrial point of vieu, is yst difficult
to determine accuratsly because of innumerable inherent
difficulties.

The particle size analysis of clays (Fig.3)
indicate that Cl=6 has about 47% of the particles balow
5 micron folloved by Cl=5 with nearly 35%. The percentage
of this size is least in Cl~2 with only 13%. Further, it
is revealed that Cl~6 contains about 33% particles between
5 to 20 microns whersas in other clays except Cl=2, this
percentage varies betuween 40-45%. The presence of very

high percentage of coarser particles in Cl-2 indicate that
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it has some non clayey material in it. Cl=2 is highly
silicious in nature as revealed by chemical analysis,
density, porosity and shrinkage data, The particle size
analysis of Cl=1,3,4 and § is comparable to bentonites of
rather poor commercial quality.
(xii) Mechanical Analysis:
Mechanical analysis of clays (Table =3)

supplements particle size analysis datas revesals that Cl-1
and 6 contain much higher percentage of fine particles
than Cl=2 and 3., Although, the plasticity of a clay is
not an index of particle size distribution in it yet
the minimum plasticity of Cl-2 may be attributed to its
coarser nature and much higher plasticity of Cle1,5 and 6
to higher percentage of finer particles in them,.

(xiii) Specific Gravity:

The true specific gravity of a substance
is defined as the ratioc betwesn its weight and that of an
squal volume of water. In cese of crystals, it may be
expressed in terms of the dimensions of atoms or ions in
the lattice. The weight of an atom or ion and the way in
which they are arranged greatly influence the specific
gravity of the samples. Ceramic materials, which are
composed of many crystals and perhaps even colloidal or
glassy substances; the specific gravity would be determined

as the resultant of the different components present,
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Specific gravity of clays (Table=1) lies
in the range of 2,20 to 2,32 except Cl-6, which gives
comparatively higher value, Cl=2, however, shous the
least, possibly due to the presence of higher silica
content in it, Higher specific gravity of Cl-6 may be
attributed to its kaolinitic character besides the
presence of quartz in it. The individual atoms in the
gquartz lattice are arranged in such a way that its packing
is believed to be very close, resulting in an increasse in
the specific gravity., The variations observed in the
specific gravity values of Cl-1 to 5 may be dues to the
fact that they contain warying amount of water as an
integral part of their structurs.

(xiv) Specific Conductivity:

Clay suspensions and particularly slips
possess electrical properties which are important in
conngction with the purification of the materials and
also in production by castings. While the electrical
conductivity of pure distilled water is of the order of
10”6 nhos at 18°C, the presence of minor quantities of
soluble salts can cause a marked difference in its value.
Clays when suspended in water conduct current, primarily
depending upaﬁ the naturs of the colloidal material
present in them and ite tendency to ionise.

The epecific conductivity data of the
samples (Table=1) indicate that Cl-1 gives highest specific



72

conductivity of 1.298x10™% folloved by Cl-5 which gives
1.250x10™4 mhos/cm. The specific conductivity of Cl=6
is found to be least. Higher values of Cl-~1 and 5 can be
attributed to higher amounts of soluble salts present in
them, Cl=6 with minimum capacity of conducting current
also swells least. The general range of specific
conductivity observed in these clays appear to be related
to their swelling behaviour and fairly in agreement with
the values rapartedzag for similar type of clays,
(xv) Heat of Uatting?

Uhen a dry clay is mixed with water,
aleohal or certain other orgaenic liquids, a rise in
temperature of the latter is observed as a consequence of
the heat evolved by the former. The heat so evolved is
known as the heat of wetting or Pouillets effect. Although,
different causes of hegat of wetting have been reasoned

out by various warksrsav’?g’zia

s yet it has been generally
agreed upon that a change in state of water which is
directly adjacent to the adsorbing surface and the
possible hydration of adsorbed ions, are the basic reasons
culminating to this phenomena., Furthermore, it has also

been suggested? ' *Z1?

that montmorillonites owing to
higher cation exchange capacity yield higher values for
heat of wetting, whereas kaolinites for the same reason,
give low values. However, increase in particle size

increasss heat of wetting ia.kaolinitssvg.
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Observations on the heat of wetting
(Table-1) indicate that it is highest in Cl-1, while in
other clays it is low and varies from 2.3 to 3.0 cals/gm.
High value of heat of wetting of Cl-1 may be attributed
to its higher bec and also its finer particle size. In
general, the results on heat of wetting of clays appear
compatible with their bec and particle size observations.
Since the nature of adsorbed cations also influence this
property, ne exact linear relationship could be established
betusen heat of wetting and bec.

(xvi) Spalling Resistances

flany ceramic materials are unable to
vithstand sudden changes in temperature without disintegrating
in one form or the other. The ability of a material to
resist such a treatment is known as thermal shock resistance,
wvhich is manifested in the form of cracking or spalling,
as a consequence of internal stresses developed during
heating or cooling, It is believed that in the absence of
controlled heating, thermal gradients set up between the
adjacent areas of the body, giving rise to stresses, uhich
if exceed the elastic limits of the body will cause
spalling, Besides controlled heating, the size and shape
of the body, the texture of the material and even the
nature of surrounding medium to which hgat is radiated out,

affects this property greatly.
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Spalling resistance tests (Table=1) indicate
that cracks do not appear in Cl-2,3,4 and 5 even upto
10 cycles of operation, whereas in Cle1 and 6, they are
initiated in 4 and 1 cycle, respectively. These results
can be explained on the basis of the fineness of these
samples. Since, Cl=6 is the finest clay followed by Cl=1,
they offer very low resistance to thermal shocks. Cl=2 to
§ are comparatively coarser clays and, therefore, show
greater resistance.

(xvii) Chemical Analysiss:

Chemical amalysis of clays is given in
Table-4. Although, it is difficult to properly identify
the constituent minerals present in esch sample only
on the basis of chemical analysis data, yet it is
poseible to categorise Cl-1 to S akin to bentonites on
the basis of their 51@2/ﬁ1203 ratio. Cl-6 appears to be
kaolinitic in character. It has been suggested'2213 that
chemical analysis of bentonites widely vary due to the
wide range of substitution within the lattice and also
due to the variation in nature and amount of exchangeable
jone, Thus silica~alumina or silica-sesquioxide ratio cannot
be taken as dependable criteria to identify correctly
clay minaral constituents.

Cl=1 shows higher loss on ignition than
rest of the samples. Although, it is generally considered
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that the presence of organic or vegetable material
increases this loss, yet in case of Cl-1, the presence of
higher percentage of hydrates of ca™ and Hg** and low
content of Ha* and K+. appear to be more important factors
for its high loss on ignition, Comparatively low loss on
ignition of Cl«2 and 3 in particular, is due to lower
content of ca* and Mg** and higher percentage of Na* and k"
in them, besides their more silicious nature. Ca and Mg
montmorillonites tend to be more highly hydrated than
Na or K based.

Uhile the percentage of iron content in
Cl-5 is higher than rest of the clays, fluxing oxides
other than those of silica and alumina vary betwsen
G120

(xviii) Base Exchange E§ga§§ty:

Clay minerals have the property of absorbing

certain 1an3214

and retain them in exchangeable state
around silica-alumina structural units without effecting
the strugture of the latter. Montmorillonites and even

fine grained illites show the capacity of absorbing

cations due to charge deficiency within their lattice.
These cations are held by weak electrical forces and can be
easily replaced by others. Thus the absorption of charge

in this way does not involve any structural change; one

base is taken up from the solution, another is, generally,
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rels ased in its place. Since it is recognised that the
exchange can take place between the cations, e.g.;

Nﬁ*g by Na*, this property is appropriatsiy named as
cation exchange capacity, Customerily, a clay with sodiup
as absorbed cations is called as sodium~clay, whereas the
one with calcium cations is referred as calcium clay.

The exchange reaction between the cations associated

with clay is usually expressed as $

(Clay) Na + NH,OH @ (Clay) NH, + NaOH

Ion exchange capacity has wide importance
in many physical properties of clay minerals. Plasticity
of a clay depends upon the type and amount of exchangeable
cations it possesses. It is also possible to determine
and change the plastic flow characteristics of many clays
through hnss exchange reactions.

The base exchange capacity of clays
(Table~1) shows that Cl«2 to 4 and 6 give comparatively
much lower values as compared to Cl-1 and 5 due to low
water of plasbiéity and higher percentage of sand in the
former. Further, the swelling behaviour of these clays
is also very poor suggesting the small percentage of
exchangeable ionsg in them, Base axehahga capacity
observations indicate that except Cle6, all samples are

aglciumnmagnssium based clays, though containing small
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amounts of alkali cations, The chemical and mineralogical
analysis of Cl=1 to 5 also suggest their bentonitic
character with different amounts of montmorillonite
mineral; Cl=1 and 5 having comparatively higher content,
Swelling behaviour and bec of Cl-1 and 5 also supplement
these results., Since, Cl=6 is kaolinitic in nature and
associated with quartz and illite, it gives lowest value
of bec.

It has been shown that broken bonds around
the edges of silica alumina units give rise to unbalanced
charges which would be balanced only by absorbing cations.,
The number of broken bonds and hencs the exchange capacity
will increase as the particle size decreases. 3ah6355215
argued that total exchange capacity of montmorillonite is
- mainly attributable to their broken bonds. Higher bec of
Cl-1 and 5 may also be due to their smaller particle size
as compared to other samples, Presence of quartz and
illite, both of uhich give poor exchangeable capacity
contribute towards wvery low bec of Cl=6,

3.1.2 Fired Prop
(1) Colous:

Although, there are many minerals and

ceramic matériala like alumina, silica, magnesia, lime,
china clay, tale etc. which are perfectly white, yet the

natural clay minerals are invariably impure and possess
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different colours depending upon the type of impurity, its
amount and state of sub-division etc. Alse, the firing
conditions, nature of the fluxes, presence of components
which can modify the colour and the extent of vitrification
of the samples often control the colour of the fired
products.

Fired colour of samples (Table-5) indicate
that Cl-1 develops ivory colour around 800°c getting darker
with increase in temperature. Cle2,3,4 and 5, however, first
become pink, tending to buff around 1100°C, Ci-1, unlike
C1-2,344 and 5, maintain ivery colour from 800 to 1100°C,
as it contains minimum amount of iron and titania, the two
chief colouring agents, Cle6 turns creamish ya;lﬁw in this
temperature range, dus to highest percentage of titania in
it. Dull appearance of Cleq and 6 at 1100°C indicate the
possible presence of some humous material in them. Cl-2
becomes pink beyond 800°C dus to the Pact that it contains
less percentage of iron and titenia as compared to Cle3
and 5§ which become buff at this temperaturas, Cle5 is dark
buff as it contains highest percentage of iron. The least
reflecting surface of Cl-2 at 1100°C may be attributed to
the highest percentage of silica content in it, whereas
the lustrous surfaces of Cl=3,4 and 5 may be due to the
fusion of clay minerals into glassy matrix or the presence
of some salts, which during heating migrate te the surface,

rendering them ghine,
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; It is believed?'® that in ceramic materials,
it is the presence of the elements of %fransition group
which play significant role in imparting colour. Iron
Copper and Cadmium ete. have unfilled 'd' shells and are
capable of having variable valencies. The electrons in
theses shells can easily interchange their orbits when
excited, imparting colour to the material. Hybugg217,
however, suggested that the ions of these slements are in
complex coordination and the manner in which they are
associated with the material will determine the colour.

(ii) Apparent Densitys

Density which may be defined as mass per
unit volume is yet another property which characterises a
‘given material, There are various factors such as texture,
structure, porosity, chemical, as well as, mineralogical
composition, which control this property. Furthermore, the
pressure and the heat treatment to which the material is
subjected, also affects $ts density eignificantly. The
variation in density at initial temperature, is due te the
removal of loose water and has practically no importance.
However, at elevated tempesratures, the variation is owing
to the melting of minerals. Even when only partial fusion
occurs, the changes in density are often much more rapid
than at slightly lowsr temperatures, and the product may
be quite different in character, even though its composition
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remains unchanged. At higher temperatures finely divided
particles react much more readily than coarser ones? 18,
resulting in the formation of more dense mess. Also, the
impurities present pla? an important part in changing

density by combining with a portion of it to form a fusible
material of different nature.

Density variation of clays with temperature
between 600 to 1100°C is plotted in Fig.4., Observatiens
reveal that the density remains practically congtant
between 600 to 800°C in all the samples, except Cl-6 in
which the constancy period extends upté 900°C, This
constancy period of thg cupves indicate that the hydroxyl
loss and acoompanied changes in dimensions in this region
are such that they do not practically contribute towards
any change in the density, Beyond constancy peried, all clays
show & gradual rise betwesn 800 to 900°C, with the exception
of Ci=6 in which case this period is extended by 100°C.
After 900°C, the curves exhibit a steep rise upte 1100°C,
due to the fluxing action of alkalies and other mineral
impurities present in the samples. Maximum density of Cle1
at 1100°¢ followed by Cl=5 is primarily due te their finer
particle size. The mihimum value of Ll-2, at both room
and elevated timpn:atutpa, may be attributed to the presence
of higher silica content in it. Ebmparativsly, smaller and
gradual rise of the density curve of Cl-6 upto 1000°C is
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due both to the presence of quartz and low amount of
fluxes in it.
(iii) Apparent Porosity:

Ceramic raw materials, with the exception
of some types of glasses, are porous and invariably contain
a Praction of the total volume of the material composed of
air, filled in the pores or voids. Pores exist in various
ty933219, such as; (a) Close or Sealed pores (b) Channels
gconnectino separate poress () Blind-Alley pores (d) Loop
pores (e) Pocket pores and (f) Micropores. Consequently,
there are two types of porosities: True and Apparent.
WUhile True porosity is the ratio of the volume of all the
pores and voids, both open and closed and the total volume
of the body; the Apparent porosity is the ratio between
the volume of water eor liquid capable of being absorbed
into it and the total volume of the body.

Porosity of an article depends upon the
size, shape, grading and relative orientation of the
particles, besides the nature of the material and the
pretreatment to which it is subjected during manufacture,

| In general, porosity of a mass increase if
it contains components which volatalise, evaporate or
decompose liberating gasese. Thus, during drying, although
the uvater is driven out from the poress resulting in minor

re~arrangement in the disposition of the individual
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particles, yet the water lost is entirely replaced by air.
If the material contains carbonaceous or ofher organic
matter, porosity 1ncréasas due to oxidation or burning.
Decomposition reactions with the liberation of gases or
destruction of miﬁerals and other hydrous substances,
besides dissociation of ca:bonatgs, tend to enhance porosity
- around 800°C,

Materials which Ffuse or fluxes which combine
with other mineral constituents to form a liquid, generally,
decrease porosity., The extent of decrease, however, depends
upon the type of fluxes; the form in which they are present;
the grain size of the minerals which contain them and the
temperature of firing. Alkalies form liquid with alumina
and silica at much lower temperatures than other fluxes
and are, therefore, more effective in reducing porosity.

Mixtures of fine particles have a large
surface factor and are thus more porous in the raw state
than those containing coarse particles. However, at high
temperatures material with fine particles fuses much more
easily than coarse grains resulting in decrease in porosity.

Temperature variation of porosity ;f clays
(Fig.5) show that at 600°C their porosity lies between
24 to 30%. Slight increasing trend of curves betueen
600°C to 800/900°C indicate the presence of some carbonaceous

material, as well as, their coarser nature. Maxima sround
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8oo®c gorresponds to the decomposition of clay mineral and
other hydrous substances, besides dissociation of carbonates
and loss of OH water. Further increase in temperatures
results in the fusion of alkaline fluxes with alumina

and silica forming a glassy mstrix which flous into pores
and decreases porosity to the minimum, when all the pores
are completely filled with molten mass.

It is observed that Cl=2 and 3 are more
porous at 600°C because of their sﬁudy nature. At 1100°C,
these clays, however show minimum borosity than rest of the
samples except Cl-6, because of the presence of higher
amount of fluxes in them which, in general, contribute
significantly in lowering the porosity. Minimum porosity of
Cle6 at 1100°C even with minimum quantity of fluxes in it
may be attributed to its very fine particle size which
fuses more readily at such temperatures and fills the pores,
causing decrease in porosity besides its kaolinitic
character. Higher poresity of Cl=1 at 1100°C may be
attributed to the presence of comparatively lov flux content
in it. Also, the decrease in porosity or the on set of
vitrification is slover in Cl-1 and 6 due to their fine
texture. Alkalies present in other clays are comparatively
more énd thus cause early fall in their porosity, as they
combine with silica and alumina at lousr temperatures. This

factor also accounts for the low porosity of C1~2 to 5.
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(iv) Linear Shrinkages

All ceramic materials and the articles made
therefrom with the exception of some mixtures of clay and
silica, shrink when fired causing permanent change in
volume, the extent of which depends upon the firing
temperature. Although, change in volume can be controlled
through the manufacturing techniques, yet the unburnt
qualities of the material, such as, the nature, composition,
porosity, particle size, previous treatment, the water
content of the mass and the pressure applied in shaping 1%,‘
are the major causes which contribute to its shrinkage.
Indeed, thaese are the factors which eaﬁtral the decomposition
and removal of constitutional water, the formation of
allotropic form of the material, the chemical reaction,
the formation of liquid phase and sintering reactions in
the material which, consequently, determine the shrinkage.
During decomposition, clays lose water or Cﬁz at various
temperatures, depending upon the type of the mineral,
without causing any appreciable change in volume. On further
heating a solid state sintering and erysﬁallizatsnn begins
resulting in contraction which continues till gamma alumina
or distorted spinel phases develop around 750°C in most
clays. At higher temperatures mullite, corrundum, etc.
start crystallizing, resulting in further contraction.

Linear shrinkage of clays with their
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digtribution curves are shoun in Fig. 6. In most of the
cases, change in volume is insignificant upto 800/900°C,
possibly due to the absence of any reaction which can
contribute to shrinkage. At higher temperatures, the
fluxing elements combine with alumina and silica present in
the clays, forming a liquid which fills the pores of the
mass and cause appreciable contraction. The rate and extent
of the contraction in each case varies, depending upon the
nature and amount of fluxing oxides, particle size and
composition of individual sample. In Cl-1, shrinkage is
maximum and occurs between 800 to 900°C, whersas Cl-2 to 5
shrink between 8.4 to 10.2% in the temperature range of
900 to 1000°C. Cl-6 shrinks only 2.5%. Highest shrinkage
of Cl=1 at slightly earlier temperature is due to the fact
that it has higher silica-alumina ratio than other clays
and also contain alkalies to the extent of about 8%.
Although alkalies combine with alumina and silica between
700-1100°C in clays, yet it is believed that higher the
amount of silica, higher is the temperatures at which the
fluxes combine. In Cle2 to 5, this combination occurs at
slightly higher temperatures due to higher silica content
in thess clays. Ag Cl~6 contains minimum amount of fluxing
oxides and higher alumina and guartz content, it shous
least shrinkages. It is believed that both quartz and

alumina act as non-reactive skelton and reduce the shrinkage,
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Furthermore, since Cl=1 to 5 are Ca-lg based bentonites,
they give comparatively higher shrinkage., Comparatively
higher content of sodium alkali, a very powerful fluxing
agent present in Cl=2 and 3 also add to their higher
shrinkage. Also, they are coarse varieties with higher
porosity and hence give high shrinkage.
32 NERALOGICAL PROPERTIES:

Clays; generally, composed of extremely
small erystalline particles of one or more members of a
small group of minerals known as clay minerals, which
are essentially hydrous aluminium silicates, with magnesium
or iron proxying wholly or in part for the aluminium in
gome and with alkalies or alkaline sarths present as
essential constituents in others. In addition to the clay
minerale, clay materials contain varying amounts of noneclayey
fraction like quartz, feldspar, calcite ete, Literature
provides a number of techniques such as dehydration,
differantial thermal, x-ray, infrared etc. to identify
various clay and non clay minerals present in clays.
These techniques have been applied in the present work and
results obtained discussed in this section.

(i) Dehydration:

Clay minerals invariably contains some
quantity of water in one form or other. The study of
dehydration deals with the amount and the rate of water
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loss, as well as, the temperature at which loss takes

place. In general, during dehydration significant changes
in the structure of clay minerals do take place.

| Dehydration curves (Fig.7) of most of the
clays, in general, show considerable initial loss of weights.
Cl=1 loses about 21% of ite weight upto 200°C, followved
by Cl=6 and 4 which lose 12.2% and 11%, respectively.
While in Cle2 and 3, this loss is low and lies between
8 to 9%, Cl=6 shows minimum loss of weight in this
temperature region, It is eonsidoradz15 that this initial
loss of weight is mostly due to the removal of the |
interlayer water, usually present between silica sheets
and is contingent upon the nature of the adsorbed ions and
the preheat treatment of the samples, s.ge the amount of
drying, relative humidity etc. Montmorillonites, generally,
show high loss of weight at low temperatures and it appears
that Cl=1,5 and 4 should possess higher percentage of
this mineral than Cl=2 and 3, in which low loss of weight
is apparently because of their highly siliceous nature.
These clays, therefore, retain much less quantity of
water depending upon their silica content and consequently
should possess lower percentage of clay mineral. The
gation exchange capacity of these samples also show that
Cl=t1 has higher montmorillonite content followed by Cl-5
and 4., Chemical analysis data indicate highest percentage |




IN PERCENT

WEIGHT LOSS

32- » ClL-1
~
’/
28- - -
pe i
4 i
//‘
24+ »
e
- ,'
>’ e CL—-3
204 7 }:—. CL—-5
. / /'. Cl—4
‘ X eci-2
16 - ‘.—,"":.o"’ o
//,. & //
) "’I"/” o
L ’u’ —__.,J'
12- 5 4 ,a"f,,—’ . _#ClL-86
s a’ >
s ’ v d ,’./
N II /’} /‘,
.l o i -
8 - /,” ,/'.’
.’// /"
¢ -
7’
4 A
s
&
2v 8 i v T v T T T T -1
0 200 400 600 800 1000

TEMPERATURE °C

FIG. 7 DEHYDRATION CHARACTERISTICS OF

CLAYS




34

of silica in Cl-2 followed by Cl=3. Cl=6, however, gives
loss of interlayer water which is comparable to the
valuss, generally, shown by kaolinite and illikg106’221.
Least value of cec, as well as, non swelling bshaviour
of Cle6 also suggest the presence of kaclinite and
illite in it.

The general trends of thes curves i.oq the
variation in loss of weight at low temperatures and
rather abrupt loss of OH water beyond asa“c indisata3221
the micaceous nature of the clays. Variation observed in
the temperatures region corresponding to the loss of OH
lattice water suggests the presence of illite, rather
than biotite or muscovite. Being clay mineral micas,
illikasxzz. generally, show such variations in the loss
of OH water at low temperatures. This behaviour of
illite is unlike well crystallized micas, such as,
biotites and muscovites, in having some interlayer water
as a result of fewer interlayer cations, less bond between
the layers, less uniform orientation of successive layers
and even the difference in composition within the silicate
layers itself.

‘ Variation in the temperature of OH loss
and the absence of any distinct break between the

temperatures of the loss of the last interlayer water

and begining of the loss of OH lattice water, once again



95

indicates the presence of montmorillonite mineral in Cl-=1
to 5. In these clays, hydroxyl loss begins around 300/400°C
and dehydration is complets around 930°G, as expected in
montmorilibnitas and illites. Furthermore, it is observed
that in Cle1 to 5 a distinct shoulder appears around 800 to
990“5, the temperature at which third endothermic peak
appears in their differential thermal curves suggsstingzzz
the presence of montmorillonite in them. Cl-6 does not show
either shoulder or S~shaped feature, as it also does not
give any third endothermic reaction. Maximum loss of

water in Cl-6 betueen 400 to 600/650°C may be attributed'®’
to the presence of kaeolinite in it. Beyond 600/650°C, the
moisture is lost gradually upto 900°C, where dehydration

is essantially complete.

(ii) Differential

This technique has been extensively used
for the identification of constituent minerals in clays,
which undergo exothermic or endothermic reactions at
different temperatures appearing in the form éf peaks in
thermograms.

The differential thermal curves of clays
have been shown in Fig, 8 and the peak temperatures
recorded in Table-6.

The first low temperature endothermic
reaction which is prominent in all clays ocecur in the

temperature range of 170-190°C. except Cl=1 in which
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case it appears at 220°C, While C1-1,5 and 4, in general,
give sharp and relatively symmetric peaks in decreasing
order of magnitude, Cl=2 and 3 show rather broad and less
intense peaks having low symmetry. Dual character of ‘
this peak in Cle=2 and 3 is more prominent than Cl-4 and 5.
This endothermic peak in clays corresponds to the
removal of non¥eanatitutinna1 water which is either
absorbed on the surface of the particles or present in the
interlayers. The gize and character of this peak is
contingent upon the nature of the adsorbed ions and
pretreatment of the sample. While in air dried samples
this peak appears around 100°C, peaks between 150-200°C
are also observed, if water molecules are in sﬁrongar
association with clays, In such cases 100°9C peaks are
completely removed, Peaks resulting from the loss of
hygroscopic water may be prolonged and accentuated, and
persist even upto 300°C in many alumino-silicates, _
sometimes due to the short term grinding. It is considered
that mechanical breakdown which occurs by the fractured
corners of the crystals, expose free valencies which
absorbs and hold water molecules more tightly than hygroscopic
water, The forward shift in the temperature of the first
peak, thus corresponds to the temperature at which this
water is driven out,.

Comparatively large magnitude and better

symmetry of first endothermic peak in €Cl=1,4 and '5 indicate



99

that these clays contain larger content of interlayer water
and are more orderly in structure than rest of the clays.
Broad and lov intensity endothermic reaction in Cl=2 and

3 suggests their low moisture content, high silica percentage,

2240 These

little clay mineral and poor crystallinity
observations are in conjunction with the chemical and

x-ray analysis data of the clays. Dual nature of this peak

can be explained on the basis of the absorption of ions

on the surface of the clays and their effect on the

absorbed water, It is considered that the larger of the

maxima is due to the dehydration of the cations, and lesser

of the maxima to the loss of water from the surface of

the clay mineral away from the hydrating catienazzs.

In all the clays first sndothermic peak
is very prominently observed as in fire clay minerals
8.0, montmorillonite or halloysite group of minerals.
Chemical analysis data, however, rules out the possibility
of the presence of halloysite mineral in any of the clays.
Also, none of the clays crack at elevated temperatures as
halloysites do.

Sscond endothermic peak in Cl=1 and 6
appears at 715°C and 600°C respsctively, but in other clays
it appears around 680-697°C, While Cl-1 gives relatively sharp
reaction followed by Cl=5, 4 and 6, only slight depression
appears at this temperature in Cl-2 and 3.
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Presence of this peak at 600°C in Cl-6 followed by an
exothermic effect indicates the presence of kaolinite and
illite in it‘z‘ besides its low magnesium content .and
minimum loss on ignition,

Third endothermic peak, though of much
smaller magnitude, appears in all thermograms, except Cl-6,
which shows only upward trend of the curve. Third
endothermic peak which corresponds to the removal of last
traces of water from clays appears at aaa°c.1n Cl-1 and
around 880-895°C in other clays. Grim and aradlayzzg
suggest that structure of many montmorillonite, persists
even upto 806/900°G and this endothermic reaction may be
correlated to the destruction of the lattice. While Pagazsg
attributes this peak to the loss of OH water bound with

231 T

magnesium in octahedral coordination, Mc.~Connel
correlated the reaction to the ions of hydroxyls which are
in the silica layer in tetrahedral configuration, Third
slight endothermic reaction betwsen B850 to 950°C is also
shown by illites,

Thus position, symmetry and intensity of
peaks observed in differential thermal curves suggest that
montmorillonite is the principal clay mineral present in
Cl=1 to 5, though associated with varying amounts of
illite, Order of crystallinity decreases from Cl=1 to 5,4,3

and 2, Cl~6 appears to be a mixture of kaolinite and illite.
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Secgond endothermic peak is considered to
be related to the removal of the water of the lattice.
The temperature, symmetry and magnitudenof this peak is
very important in the diagonsis of the minerals. In
montmorillonites, although this peak appears at 700°C, a
wide variation in the temperature of this peak has been
observed dus to degree of crystallinity, chemical

226,227 1, general,

composition and the particle size
relatively small amounts of iron and magnesium replacing
aluminium causes a reduction in the temperature of this
reaction and 9o do the poorly crystalline samples. Even
variation in the position of cations in the octahedral
packing and hence variation in the nearness to hydroxyl
ions a?feetzzs the bandiﬁg strength of OH and hence the
energy necessary for its releese.

From the magnitude and the symmetry of
second endothermic peaks, followed by an upward trend, it
appears that Cl-1 is better crystalline followed by Cle5,4,3
and 2, respectively which give comparatively broad and
lov intensity peaks. Only slight depression cbserved in
Cle2 and 3 at this temperature indicate that they have
little clay mineral present in them and should alse show
low loss on ignition, low magnesium and high silica content,
as compared to other clays, the observations which are

fairly compatible with their chemical analysis data.
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(iii) X=Ray Analysis

Silicate minerals are, in gensral crystalline
in character though their structure and degree of crystallinity
may vary from mineral to mineral. Each crystal contains
5104 tetrahedron as essential constituent alonguith octahedra
of trivalent or divalent ions of Al*s, Fe*s, ngfz ste.
arranged in different ways. The identification of minerals
by x-ray analysis has been extensively employed and is
basad on the principle that each crystalline substance has
its own characteristic atomic structure which diffracts
X=rays in a characteristic pattern, Comparatively, electron
diffraction technique is less widely used as it has to be
supplemented with electron microscopy, so as to correlate
the morpholegy of clay mineral particles with their crystal
structure.

As clays are admixtures, the singling out
of clay minerals from wide range of crystalline materials
by x-ray technique has certain difficulties due to
structural similarities between many of the clay minerals,
as well as, their deviations from astrict three dimensional
regularity. Also the method does not give encouraging
results for amorphous and glassy suhbstances.

The x-ray diffractograms of the samples
under investigations are given in Fig.9. The = intensities
of lines as estimated visually, alongwith their spacings

are recorded in Table-=7,.
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It is evident from the data that Cl=1,2
and 3 show their first principal reflection line between
15.13 to 15,57 A® indicating the presence of montmorillonite
in them. The reflection lines corresponding to spacings
1ying betueen 4.39 = 4,44 A% and 1,46 = 1.49 A® are
obeerved in the diffractograme of all the samples except
Cl-6, Theee lines further asserte that montmorillonite is
predominently present in these samples though in varying
amounts, The difference in basal reflestions obtained in
the samples may bhe attributed to their different state
of hydration, depending upon the regularity and the
thickness of the water layers hetwsen the silica sheets,
In Cl-1 reflection lines of comperatively higher intensity
appear because of the presence of maximum exchangeable
cationsin it, as shown by base exchange capacity of this
clay. Rather diffused pattern of Cl-2 %o § indicate more .
phages, as compared to Cl-1, owing to the presence of
higher content of Na® and kK" end octzhedral hydrates of

ca*t end Ng**. It is belieuedzsz

that with water and

inorganic cations, montmorillonite complexes show marked
influence of the cations on the interlayer separation

and the interleaving hydrates with different spacings,

giving rise to non integral series of orders and therefore
diffused scattering. With ﬂa*, unit layers in montmorillonites

are completely separated, but with ca**, the separation is




106

inenmplete1ea'233. Further, interlamellar cations influence
the arrangement of water molecules also. Presence of Nat
‘or K do not give rise to stationery regions and
consequently basal reflsctions become diffused.
The reflection lines with atomic spacings
lying between 3.22 = 3.35 A® and 2¢49 = 2.58 A observed
in all the samples correspond to the presence of micaceous
minerals and other impurities., Although Bradley and Erim254
suggested that the reflections in the region 4.4 and 2,6 Kx
can be used to distinguish micas of one, two and three
unit cells, yet it has not bsen possible to do so because
of very lou intensity and shift in the reflection lines.
The basal reflections so obtained are the composite
adjacent reflections of different orders of the different
layers and their position and intensity varies with the
relative abundance of the different individual layers. The
refleocticn lines with positions at 8.72 A® and 10,28 A°
are observed in Cl-2 and 3, respectively indicating the
presence of illite in them, |
Diffraction data of Cl=6 reveals the presence
of guartz. The presence of poorly crystalline kaolinite,
as confirmed by dehydration, differential thermal and other
characteristics of this clay, could not be established by

this technigue. It is belisved>>? that the pressnce of

even small amount of quartz in a clay is sufficient to



interfere with the detection of other minerals, particularly
when present in small proportions or in poorly crystalline
state. Thus the x=-ray diffractogram of Cl«6 could not

clearly reveal the presence of other minerals except quartz.

(iv) Infrared Analysis:

1-R gnalysis of clays has been carried out
to identify the constituent minerals and supplement the
results obtained through, Dehydration, D.T.A. and Xeray
techniques. The absorption spectra of clays in the range
of 2-15 micron is given in Fig. 10. The position of the |
peaks and band gentres with their relative intensities
as estimated visually, is recorded in Table-8.

It is seen that some of the absorption
features are identical in all samples, except Cl-6, indicating
the presence of some common mineral constituents in them.
Between 2«8 micron, all spectrograms show absorption peaks
located at about 2,85, 3.05, 3.50, 4.30, 6.10, 6,80 and
7.20 micren and a broad band of varying width from 8-10
micron, While Cl-6, gives an intense doublet at about
12,35 and 12,70 micron, other clays give moderate to weak

intensity absorption peaks between 10 to 14 micron, be fore

showing a gradual increase in the transmission towards
longer wavelengths. |
Although, the individual assignment of bands

observed in clays with different atomic groupings is yet



WAVELENGTH IN MICRONS
7 8 9 10 111 12 13 14 15

n 1 i 1 i 1 i A A i 1 1 1 " 1

el

CL-1

Cl-4

ABSORBANCE

Cl-5

010 1

020+
030
040 1
348
1°0 1
181
4000 3000 2000 1500 ' 1000 900 800 760
~ FREQUENCY IN cN'
FIG. 10. INFRARED ABSORPTION SPECTRA OF CLAYS.




109

*6uozyg Aaep - sp ‘Heepm Azep A3ep - map ‘Buollg = s
yesp Aisp -pp ‘pueg unTpey —gy ‘unTPey-y ‘dEen - A
g 02°L MAR SS°S SA 0S°¢
s 08°9 AAA DOE°*S AA SO°C
n ov*vi s 0L°ZL nA SL°9 AAA OE°*Y m s8°Zz 9-13
W 0Z*vi s SE°ZL s B2 Sp 0S°S
S SL°9 m S0°*S
n 0C'vi W 08°0L n s0*s AAR OE°¥ A SB*Z  S-T2
n S8°L
5 02°L sn 0S°t
S 5L°9 n so°s
n st°vt m 0D°4L n 50°9 MmAA OE°% n 06°2 =13
s 0Z°4 SA 0S°C
s SL°9 m s0°¢
n 0z*vi gy 09°St m 06°0L n $0°9 BAR OS°¥ M 06°Z  £-T3
s SL°L SA 08°E
. S 08°9 n oLt
M SZ'vi gy 0S°Cl W S0°LL M OL*S MAA OE°Y m 58°2  2-13
W 02°L SA SS°S
A SL°LL s 08°9 W S0°E
W S8°0L R OL*9 MAR OE°% W s8°Z =13
ummuumcwuwa4 uoIoTH YL=ZL m conuw,a Zi=0L m YOIOTW §=0 W UOIDTH Qe UoIoTW p=Z I°oN°*S

J 49

g 518

euy

8 = 318vl

1



110

not well decided, it is believed135’136 that the absorption
band at about 2,85 micron is due to hydroxyl groups in

the structure i.e. free hydroxyls; at about 3.05 micron

to hydrogen bonded hydroxyl and at 6.1 micron to absorbed
wvater. It is interesting to note that in Cle6, unlike

other clays, the amplitude of the absorption peak due to
lattice hydroxyls is much larger than that due to bonded
hydroxyls. Also, this clay gives a large reduction in
absorption peak at 6,10 micron, The absorption maxima at
2.85 and 6.10 micron are more pronounced in case of Cl-1
and 5, suggesting that these clays have greater capacity for
water absorption perhaps owing to the pressnce of higher
percentags of montmorillonite content in them. Thesge
observations are also in conformity with higher base
exchange capacity and swelling behaviour of these clays.
The observed discontinuity in Cle6 may be due to the
presence of illite present in this sample,

The bands centred at 3.50, 4.30 and 7.20
micron are the uharaeteristicszaﬁ of Nujol, used for
embedding the samples and, therefore, are not diagnostic
of any mineral. The absorption peek at 6.80 micron
is noticeable in all spectrograms and corresponds to the
presence of illite. However, the greater intensity of this
peak is un-understandable, as illites generally show

weak absorption peak at such wavelengths. A weak absorption
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at 7,65 micron observed only in case of Cl-4 may be

134 to the hydrated water,.

assigned
The distinction between absorption due to

silica tetrahedra and alumina octahedra hes not been

clearly made, although a number of frequencies have been

37

suggaateﬁz for montmorillonites. Spectra of verious

silicates, of which clays are representative, have been

137 by the main absorption bands betbaan 9«10 micron,.

defined
The bands in the region of 8«9 micron have been aseribed
to tetrahedral 5i0 linkage, whereas between 9«10 micron
due to octashedral alumina. Stubiaanzza has suggested that
$i0 linkage is represented by the bands in the region of
8~10 micron, whereas octahedral alumina betwsen 10 to 11
micron. The broad bands observed between 8 to 10 micron,
thus represent tetrahedral $i0 linkage and octahedral
alumina,

Although absorption peaks corresponding te
montmorillonite, illite and muscovite lie in the range
of 9«10 micron, they appear similar except that muscovite
gives a pronounced absorption peak at 9.35. Also,
montmorillonite cannot be easily diatznguxuhad*aa from
illite because of very narrow difference in the peak
position of the two minerals. In case of clays, due to
the presence of other mineral impurities, it is all the
more difficult to'identiry these minerals only on the
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basis of absorption peak betwsen 9 to 10 micron. Thus

the broad bands observed in spectrograms betwsen 8-10 micron
could not identify or differentiate between montmorillonite
and illite.

Very weak to weak absorption bands are
perceptible towards larger wavelengths. The distinct bands
at 10.85 and 11.75 micron in Cl-1 are observed, perhaps
due to the presence of montmorillonite in it. Although,

Cl-5 also show an absorption peak of moderate intensity

at 10,80 micron corresponding to montmorillonite, this peak
has very low intensity and shifts towards longer wavelengths
in Cl~2 to 4. The absorption bands at 13.50 micron in Cle2
and 13,60 micron in Cl-6 with moderate intensity correspond
to the presence of illite or kaolinite or beth. Although,

Adler et 31257

attributed this band to the presence of
kaolinite, nontronite, halloysite and iil&te. the chemical
and differential thermal analysis of these clays rule out
the possibility of the existance of halloysite and
nontronite in these samples. A very weak absorption peak
observed at 14.2 micron, with the exception of Cl=1,
indicate the presence of illite in them. Infrared spectrum
of Cl=6 in the wavelength region of 12 to 13 micron is
significantly different from others and gives an intense
and wvell resolved douwblet, with position of absorption

bands at 12.35 and 12,70 micron, indicating the presence
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of quartz. The absorption peaks at 14.20 and 14,40 micron
in Cl-6 correspond to the presence of illite and kaolinite,
respectively in this clay.

Although I-R gpectra of clays which
represent particular atomic groupings and their vibrations
at particular wavelengths are diagonastic of the mineral
constituents in the region of 2«15 micron, a wide
variation in the position and intensity of the characteristic
peaks of various minerals which they represent, has been
sopartadzsv. Varietions observed in the spectral features
of clays may be attributad133 to the presence of wvarying
amounte of constituent minerals in each sample, the
difference in their particle size and degree of crystallinity.
Samples having narrow particle size distribution, with
maximum particle diameter smaller than the frequency used,
give best spectra.

Since it is not alvays easy to identify
all constituent minerals in clays only on the basis of
I-R analysise, as clays are invariably admixtures of minerals,
the results obtained from other technigues such as
Dehydration, Differential thermal and Xeray analysis when
supplemented, reveal that Cl«1 to 5 are mixtures of
montmorillonite associated with illite and other clay
mineral impurities present in varying proportion and Cle6,
is a mixture of kaolinite, quartz and illite.
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From the very existence of solids, one can
draw two general conclusions: (a) that in & solid there
mugt be forces of attraction acting between atoms and
molecules which keep them together and (b) the forces of
repulsion must also exist between constituent atoms, as
large external pressure is needed if one has to compress
a solid to any appreciable extent,

‘ These forces are electrostatic in nature
and essentially determined by the way in which the outer
elesctrons of the composing atoms are distributed in space.
Rs a matter of fact, the physical properties of solids
are determined by the distribution of electrons in space.
Although, there is no unique way to categorise solids
since it would depend upon the sxact subject matter, as well
asy, the view point of the worker, yet cne can classify them
on the basis of forces acting betwsen the constituent
particles, into five categories (a) metallic (b) ionic
(c) covalent (d) molecular and (e) hydrogen bonded. Since
this classification is merely emprical one and in view of
our subject matter, it will be interesting to briefly
discuss the slectrical behaviour of enly first thres types,

(a) In metals, conduction is a property of
valence elesctrons which are mobile within the solid due to

the overlapping of the atomic state functions. If the
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solid is perfectly crystalline, slectrons can traverse

with éamplata ease within the solid without undergoing

any collisions. On the application of external field,

these electrons get accelerated and go to higher energy
states even with small absorption of energy. Increase in
the velocity of electrons give rise to charge transport

and hence electric current, In perfect crystalline solids,
increese in the average velocity of charge carriers is
relatively high so thaﬁ charge transport is rapid and
resistivity low. In poorly erystalline solids, houever,

the increase in velocity is not very high dus to collisions
and henece lov conduction, It may be mentioned that high
conductivity in metals is the basic property of the
structure of valence band or empty states which are immediate

adjacent to filled states. The conductivity of metals

decreases with the increase in temperature.due to the
disordering effect of heat which increases the number of
collisions,

(b) 1In ienic crystals, aleatrietl conductivity
is far less than that of metals. Also unlike metals, ionic
conductivity increases with temperature, These observations
indicate that charge carriers in fonic crystals are
dif?erent_than those responsible for conduction in metals.
Uhile conduction in metals is due to the motion of electrons,

in ionic orystals it is due to the diffusion of ions. In
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this type of solids, electrons are so tightly bound in
the filled shells that they can not move to any appreciable
extent in an external electric field, A basic charascteristic
of ionic crystals is that the charge transport tekes place
due to the motion of the charged ions, where not only
charge but also mass is transported. Diffusion occurs
predominently by lattice vacancies, In the absence of
@lectric field, jumps of individual ions are at random in
all directions with no net flow of the charge in any
direction. Under the influence of fisld, more ions jump
in one direction than the other, resulting in net transport
of charge, as well as, mass, It is this diffusive nature
of conduction which accounts for low valus of conductivity
in such solids and also its nagativs temperature dependence.
Absence of conductivity due to electrons

indicate that in ionic solids, unlike metals, top most
levels are all full and there is no empty.state immediately
adjacent to fermi level. Furthermore, the separation in
energy between filled and unfilled states is by far larger
than in metals so that even at high temperatures only faw
elactroﬁa are excited and go over to the empty states,

(c) 1In cowalent crystals, conduction varies
over a wide range @.g. Diamond is ab excellent insulator
wvhereas Germanium is good conductor, A pure semiconductor

like Silicon is very poor conduckor of electricity at room
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temperature, unlike metals, Also its conductivity increases
with temperature. In good covalent crystals conduction is
due to the transfer of charge carriers among themselves,

as in case of ionic crystals. However, in some cases,
conductivity is electronic. Some impurities, if pressnt,
increese the conductivity; while others decrease it. Such

a change in conductivity, however, does not in any way
depends upon the flow of elgctrons as in metals but number
of charge carriers due to the presence of impurities. Most
of the‘insulatars are classified as ionic crystals, which
are never pure elements but compounds having>a narrow phase
in binary phase diagram.‘ﬂlao such crystals may show
variation in stoichiometric composition like Ferrites.

The physics of these three different classes
of solids is extremely different, and it is often misleading
to treat them within the same structure. However, because
of the Ffurther complication that mixed 1unic?covalent solids
are extremely common, such a structure must be developed.

It is an appalling fact that ceramics, by and largs, fall
into this mixed class, .

Coramic materials on firing produce a suitable
quantity of glass bond, in add&tian té‘the principal
constituents. A glass ig a eomplate‘salutian of two or
more inerganic compounds usually silicates, formed at

elevated temperature by the solubility of one of these
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compounds in the other, The property of glass varies with
the rate of cooling, as well as, its chemical composition,
In most refractories, it is the properties of the glass

169’173 thﬂir gelectrical bshaﬂiﬁﬁrn

which actually determine
Clay is essentially emn alumina-silica system, which after
dehydrating at 700°C, has the composition (312932 5192)

and probably consists of amorphous silica and alumina
intimately mixed. If heated beyond this temperature,

olassy phase appears with subsequent development of mineral
crystallites of warious types, depending upon the clay.

The firing treatment which can be controlled, can greatly
affect the mineral constituents and, therefore, the
electrical properties, Thus, it is the chemical composition
of the material which is more important than the mineral

composition in determining its electrical response.

(1) Electrical Condustivity:
Variation in cenductivity of clay pellets

in the temperature range of 800 to 1000°C has been plotted

in Fige. 17 with 1,2 and 3 hours soaking period. Trends

of the gurves indicate that initially, conductivity increases

rather slowly upto 850/900°C in all sampleg; before
shiowing sudden rise upto 1000°C, The maximum value of
conductivity attained at 1000°¢C varies from clay to clay,
being highest in Cl-6 and lowest in Cle1.

Slovw rise of conductivity upte 850/900°C
is due to the premelting stage of the fluxes and rather

E
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random movement of ions from one position to another in

the lattice. As the temperature is raised, a certain fraction
of ions will attain thermal energy sufficient to pass into
vacant or interstical sites, thus causing increase in
conductivity. This rise in conductivity which is comparable

to densification data, of the samples (Table-10), may .

also be attributed to the fact that the contact areas of
particles merge and form glassy matrix in which the ionisation
of its constituents does not appreciably increase with

tamperaturazsg

« However, the ccnductivity,af glassy phase
8o produced increases with the increase in temperature duse
to increase in the velocity of the lanagaa as a conssguence
of decrease in the viscosity of the medium in which they
move. Also, the crystalline phase so developed adds to the
ease with which current flows. Littletan and Matay2‘1,
however, reported that the resistivity of glass decreases
with temperature in much the same way as its viscosity.
Increase in socaking period increasses the conductivity.
Although, some decrease in conductivity is expected at higher
temperatures and soaking periods due to the decrease in
the defects in compacts, yet the enhancement in conductivity
observed suggests that densification is more predominent
a factor here, which decreases the contact resistance
betusen crystallites.

The maximum conductivity of Cle=6 may be
attributed to the highest percentage of titania in it, It is
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believed'66 that TiO, is known to be a reduction semi
conductor i.e. it can exist with an oxygen content less

than the stoichiometric ratio. To maintain alecttoneutraiigss
in the region of an oxygen vacancy, some Ti*g ions accept
electrons, Thus titanium ions are present in two valence
states,electron exchange occurs resulting in an increase

in conductivity. Cl=2 and 3 show comparatively higher
conductivity than Cl=1,4 and 5 for all soaking periods

due to the presence of greater percentage of alkalias’sg in
them, which being seated in holes in the structure and

having substantially higher mobility than the silicate

groups tend to take 1nterm§d£ata position betueen silica
tetrahedra, Sodium fons because of their smaller molecular
volume enhance conductivity more significantly than potassium
ions. The increase in conductivity is however observed to

be direct proportion of sodium ion aoncentratian242. Alsa,
the lesser percentage of alumina in Cl-2 decreases the
viscosity of melt and hence the resistivity of the material.
Minimum conductivity shoun by Cl=1,4 and 5 may be asaribadg43
to the higher contents of Ca0 and MgO, which by wvirtue of
their large size and higher charge are not gasily mobile

and fit into and plug up migration paths through the lattice
decreasing conduction. Although it is believed'5? that

fluxes decrease the resiétivity, yet no direct relationship

could be established between the two. For example, Cl-6,
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which has minimum percentage of fluxes show higher

conductivity,; than Cl«5 with higher content. |

A narrow gap between the conductivity
values of Cl=1 to 5 is perhaps due to the reason that they
all belong to saeme mineralogical group, although associated
with varying amounts of pther similar clay mineral impurities.
The variation abserved in conductivity values of sintered
compacts may be attributed to variocus ?aetnrs’sn such as;
the degree of crystallinity, chemical composition, the
specific surface conduction of particles and contact
resistance betusen them which aleo effect conductivity, as
much as, the number and amount of impurities present in
sach cases Most of these factors are Gnidentified.

It has been observed that the conductivity
of clays is fairly compatible with their porosity data
(Table«11)+ As the porosity decreases with increase in
temperature and soaking period, the eonductivity increases.
Higher conductivity of Cle6 followed by Cl=2 and 3 may also
be assigned to their aamparativul} higher porosities.

(11)

Dislectrics consist of atoms, molecules,
and ions which have the property of being unable to provide
free conduction electronse Thus, a particular dielectric
material may be characterised by limited movement of

charged particles or orientation of polar molecules when an
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external electric field is applied., A system of conductors
separated by some dielsctric material constitutes a
condenser, the capacity of which largely depends upon the
intervening material. The dielectric constant is defined

as the ratio of the vapacitance of a condenser filled

with the material in question to that when it is empty.

The dielectric constant of a single crystal or glass
results from electronic, ionic and dipole orientation
contributions to the palérizability. The electronic
polarization arises from movement of electrons relative to
the nucleus in an atom or ion under the action of external
electric field and is being widely observed in all
materials solid, liquid or gaseous. The ionic polarizability
results from the displacement of fons of opposite slign

from their regular lattice sites under the influence of
applied field and also from the deformation of the
electronic shells resulting from the relative displacement
of the ions. Most of silicates and aluminates of interest
in ceramics contributes to the polarization resylting

From this kind of ion displacement®#4¢248, ;. uyieion
polyerystalline and polyphase aggregates, such as, sintered
ceramice exhibit an interfacial or space charge polarization
arising from the difference in the conductivity of various
phases present which manifests itself in high dielectric

constant,
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Variation of dielectric constant of clay
compacts with temperature and soaking period is plotted
in Fig. 12, The dielectric constant of all the specimgns
show an upward trend with the increase in temperature and
soaking period possibly due to the development of

246, besides an increase

erystalline order and grain growth
in the ion and crystal imperfection mobility resulting
in higher capacitance. Also, at higher temperatures, d-¢
conductivity effects which increase exponentially with
temperature, become important. The combined effect is
that the dielectric constant increases with increasing
temperature, corresponding to both ion Jump orientation
and space charge effecte resulting from the inecreased
concentration of charge carriers, However, the effectivensss
of charge carriers in giving an increased dielectric
constant depends critically on the electrode materials,
polarization effects at the electrodes, and the resulting
space charges.,

Comparatively lower values of Cl=2 and 3
may be attributed to their sandy nature and the presence
of higher percentage of alkalies, as well as, flux impurities
in them?47 which concentrate at the crystallite surfaces
causing a capacitance drop and hence dislectric constant.

Rs expected from the ion size, for a constant mole ratio

the dielectric constant decreases in the order Li*3>ua* >K*.
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Higher dielectric constant value of 81;5 may, however, be
assignadz‘a to the higher content of 7132 which promote
sinterability besides the low percentage of fluxes in it.
Also, its finer texture and better crystalline order

than rest of the samples would help in developing
crystalline phase dispersed in lower dislectric sonstant
matrix at elevated temperatures causing high dielectric
constant value. Thus the observations reveal deleterious
effect of fluxes and beneficial effect of titania on the
dielectric constant of the specimens,

Although lower dielectric constant value
of Cl=1 to § may also be ascribed to the presence of
montmorillonite in them, yet no exact relationship has
been established betwesen the percentage of montmorillonite
content and dielectric constant of samples, The presence
of quartz in Cl-6 and its kaolinitic character contribute
to the higher dielectric constant value,

Increasing trend of the dielectrie constant
of clays appears in agreement with their fall in porosity
(Table=11)s Cl=6, though fine clay has low percentage of
fluxes gives comparatively high porosity and hence
dielectric constant at elevated temperatures.

(111) Djelpct

The amount of pouer losses in a dielectric

under the action of applied voltage is commonly known as
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dielectric loss. Because dielectric materials always
possess some degree of conductivity, dislectric loss is
observed both in direct current flow and in alternating
fieldss The distinction is that for direct current flow,
the loss depends only on the conductivity, but in the
alternating fields, loss may take place with displacement
currents also. In polar dielectrics, di-pole molecules
rotate under the action of an external electric field
overcoming the forees of intermal friction of matter,
which is attended by the expenditure of a part of electrical
energy and ite conversion into heat. However, in non polar
dielectrics, absorption currents can be attributed to the
inhomogeneity in the electrical properties of a dislectric,
the formation of space charges in a dielectric under the
action of an external electric field and other causes
which initiate the processes or redistribution of charges
with time in the volume of the dielectric. The power
dissipation in an insulator or capacitor is directly
proportional to the dielectric loss factor € tanS .
Consequently, this factor is of great concern for many
applications of ceramic materials. Indeed, the main
advantages of ceramics as dielectric is that this loss
factor is small compared to that of other available
materials such as plastics. Energy losses in dielectrics

result from three primary processes.
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(1) Ion migration losses

(a) D-C conductivity losses

(b) Ion jump and dipole relaxation losses
(2) Ion vibration and deformation losses

(3) Electron polarization losses.

The electron polarization losses give
rise to adsorption and colour in the visible spectrum,
while ion vibration and deformation losses are significant
only in infrared regions The major factor affecting the
ceramic materials is the ion migration losses which tend
to increase as the temperature is raised. The dielectric
losses of single crystals are small, whereas in glasses,
it vary over e wide range depending upon their structure
and composition.

Dielectric loss of clays with temperature
and soaking period have been plotted in Fige 13+ It has
been observed that dielectric loss increases with the
increase in temperature and soaking parin6249 due to
increase in the conduction of residual and absorption
currents, besides the ion jump relaxation between tuwe
equivalent ion pdaitinna. Also, the rise in temperature and
the resulting drop in viscosity exert a double effect on
the amount of losses due to the friction of rotating
dipoles. On the one hand, the degree of dipole erientation

increases, and on the other hand, there is reduction in the
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energy required to overcome the resistance of the viscous
medium, when the dipole rotates through a unit angle,

It has however been agreed that the composition of the

. glassy matrix so produced at elevated temperatures is the

main contributor to the dielectric losses, which increases
exponentially with temparaturazan
Observations on dielectric loss of clays

indicate that Cl-2 gives comparatively high value,

followed by Cl=3, than rest of the samples because of the

presence of higher percentage content of alksline oxides
in them which makes the silica network, having each ion
held tightly in place, a less rigid and allow to expand
it The network becomes more open and there are larger
interstices which permit alkali ions to participate in
dielectric loss processes. The order of mobility of alkali
ion 1a'L1*>»Na* > K*' > Rb and the dielectric losses follow
in the same order. Under the influence of potential, the
alkali ions move from one void to next in a zigzag manner
causing high dielectric 1935173,.Cemparntivnly low loss
in Cl=1 and 5 may be attributed to the presence of higher

content of Ca and MgO which prevent2S!

the sasy mobility
of alkali ions by filling up critical sites through which
these ions normally pass. Also, it is bsliavadzsz that
higher the alkaliesilice ratio, lesser would be the

dielectric loss. With the exception of Cl=6, this ratio is
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found fairly compatible with dielectric loss in these
clays. Cl=6, although shou least alkali-silica ratic, yet
it gives high dielectric loss which may be ascribed to
higher alumina contcnt*vs. besides the presence of minimum
amount of alkalies in it.

The order of observed porosity of clays
is, well comparable to their dislectric loss data.

(iv) Dielectric Strengths

This property of a dielectric indicates
its ability to withstand large field strengths without
electrical breakdown, At low field strengths there is
certain d-c conductivity corresponding to the mobility of
a limited number of charge carriers related to slectronic
or ionic imperfections. This d-c conduction increases as
the field strength is increased. A stage will come when
the field emission from electrodes makes aveilable
sufficient electrons for a burst of current which
produces breakdown channels, jagged holes, or metal
dendrites bridging the dielectric and rendering it unstable.
The point of breakdoun generates a spark or an electric
are which can fuse, burn and crack the dielectric. After
the voltage is taken off, a solid dielectric may exhibit
a trace of breakdown in the form of a punctured, fused
or burnt through hole, generally speaking,of an irregular

Sh&pﬂ¢
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The dielectric breakdown of insulating
materials takes place in two ways293 (i) electronic and
(ii) thermal. In electronic breakdown, failure occurs
when a localized voltage gradient reaches some value
corresponding to intrinsic electrical breakdown. Electrons
within the structure are accelerated by the field to a
velocity that allows them to liberate additional electrons
by collision. This process continues at an acecslerating
rate and finally results in an electron avalanche which
corresponds to breakdown, It may also be developed as a
result of inelastic displacement of bound charges in a
dielectric under the action of external field, Thermal
breakdown is caused by local overheating arising from
electrical conduction. The local conductivity increases
to the point where instability occurs and permits high
current with resulting fusion and vaporisation causing
a puncture of the specimen, In this case it is not
necessary that the entire volume of the dislectric be
heated for a breakdown to take place. It is enough to heat
any one spot of a dielectric, in which losses are
intensified in view of its inhomogenity but the mean
temperature of entire volume of dielectric differs from
original one.

Dielectric strength of clay pellets is
given in Table-~9, It is seen that the variation in dielectric



oYy
(9]
1
0S¥Z 08ZZ 00ZZ 000Z 066l 0661 OL6L OL6L 0S6L Ov6lL Ov6l 0S6L 0Z6L OL6L OL6L 9=13
OLEZ oLLZ 0B6L Ov6lL OL6L OL8BL 098L Oy8lL DO6LL 089L 0S9L OLSL 08SL OLSL 095t 513
00SZ 080Z 0661 0Z6L 0S8L 0S8l OLBL 00BL O0BLL O0L9L OpSL 0Z9L OL9L 0091 0O09L ¥=13
0261 0z8L 0BLL OOLL OL9L Ov9L 06SL OLSL 0251 O6vL 09%L OSPlL 06SL O6SL OLSL £=13
OSLL 0991 0£9L 09SL ©0ZSL O4vL OSvYL 0Zyl D065l OSEL OZSL 08ZL OvZL O0SZL OLZL Z=13
0LLZ o0g6L 08 0SBL OLLL OviL OLALL ©0SSL  ©S9L O0BSL 051 Ovsk OLSL  OLSL 0OSL L=12
] w i ! { 3 G ol | *oN°S
SIUCYSIY Zpdy LysIy ggsIy z ¢ L §sIy g ¢8Iy Z g3y | Jsay ¢ feay Z g3y | {say ¢ fsIy Z §3y L
i 35,0001 3,066 34006 ? 9,068 35008 *duwe )}

f.




134

strength uith temperature, as well as, soaking period is
very small between aon~eas°c. but the effect is very

much marked at higher temperatures. In Cl=6, however,
dislectric strength does not alter appreciably with

soaking time. Observed increase in dielectric strength

of samples with temperature and soaking period may be
attributed to the development of better and denser crystals
in ths_matrix2¢8. It has, however, been suggested that at
higher temperatures and soaking periods, dielectric
strength depends critically on the conduction characteristics
and consequently on the composition,

Cl=1 and 4 sbow comparatively high
dielectric strength than Ci-2 and 3, possibly due to the
low percentage of iron content in themzsé. Lower dielectric
strength of Cl=2 and 3 may be ascribed to the higher amount
of alkalies in them besides their sandy nature. In Cle5
though iron oxide content is highest, it has low percentage
of al-kalies. Maximum value of strength in Cl-6 may be
attributed to the presence of higher pnruaﬂﬁagé of alumina
and é&mparatively better crystalline structure of this clay.
Also, low alkali content in it add to its dielectric
strength. Comparison of observations with chemical anaslysis
data of clays confirm the deleterious effect of iron and
alkaline oxides and the hensfigial effect of alumina on

the dielectric strength of the compacts.
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~ Dielectric strength values are compatible
with the corresponding porosity data of the samples
(Table=11) and the davélopmant of densification in them
due to increase in temperature, as well as, soaking
period, Cl=2 and 3 show lower dielectric strength posgsibly
due to their comparatively higher porosity than rest of
the samples except Cle6, which possibly tends to give
variation in the local electric field and yields low
values. A sample with 14% porosity was found to have
dielectric strength about half that of sample with 5%
porosity?®®, Least densification of Cl-6 which is kaolinitic
in character associated with quartz, besides low amount
of fluxes accounts for the marginal change in its strength
upto 900°C followed by a sharp increass in ite value.

At present the knowledge of the mechanism
of electrical behaviour of ceramic materials does not
permit a detailed analysis of the result. The effect of
impurities as shown by Diepschlag ahﬂ Uulfastiag1a1 and
the different porosities and texture of the materials
would confuse an attempt to attribute the results
exclusively to composition ar‘to structure. There are
several other unidentified factors, such as, packing of
particles, surface conduction stc. beasides the development of
various phases at elevated temperaturos, which greatly

influence the electrical response of samples,
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CHAPTER= IV
STUDIES ON THE TRIAXIAL SYSTEM
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Investigations presented in this section
can essentially be considered as a meaningful extension
of the stipulated research programme involving only the
physico~chemical and mineralogical studies of some claysy
besides their electrical properties which have been
presented in previous chapters. Since one of the six
varieties of clays studied has been characterised as
kaolinitic in character, it was considered worthwhile to
prepare a triaxial system using this variety and study its
electrical, thermal and mechanical characteristics,
besides composition by x-ray techniques. Basic purposge
to include this part is to have an idea of the above
properties to assess the suitability of the clay for use
in ceramic Industry. It is not intended to go into detailed
discussions to justify the results obtained, but to gee
the range in which the values lie. Essential physical
properties like density and porosity of the product have
also been recorded. Thus, in view of very limited approach
only one composition has been prepared and fired at only
one temperature and soaking period,
4.1 JRIAXIAL SYSTEM:

Qeramia insulators have been important
to our technology and to the ceramic industry for so long
that the number of producte aveilable and technical

literature describing them are vast. Also, these insulators
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are unique in low cost of their raw materials, ease of
fabrication into wide variety of shapes and sizes and
uniform quality of the final product for use under

different conditions. The electrical porcelains manufactured,
novw a days, are quite different from the standard recipes

for conventional an38256

+ In modern porcelains, the
artificial or natural refractory materials, such as;
mullite, sillimanite, kyanite etc. have been introduced
into clay compositions instead of quartz and feldspar to
give high strength and resistivities at higher temperatures.
Recently, compositions having high strength have been
developed by adding calecined bauxite.

However, ordinary porcelain is usually

mad0257

from clay, quartz and feldspar mixed in varying
proportions, depending upon the usage of the end product.
The primary purpose of these components may be described,
rather, roughly in the following ways Clay gives the body,
the necessary plasticity during forming, cohe=sion during
firing and strength after firing., Feldspar acts as a flux
and forms glass during firing while quartz is a filler
which ensures less shrinkage and more stability to the
body at higher temperatures.

4,1.1 CLhanges During Firing

Triaxial bodies pass through several

processes on their way to the final product, the most
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important being forming, drying and firing. The composition
of the body is not determined only by the desired properties
of the material in the finished product, but also by the
properties required for the body during the different

phases of manufacture. The composition may vary considerably
according to the purposs of the product.

In the raw state, relatively large quartz
and feldspar grains are surrounded by clay crystal plates
and stacks. Thus, the contact surfaces consist of
quartz-kaolin and feldspar~kaolin, but only exceptionally
of quartz-feldspar.

The changes taking place in a system at
particular temperature during firing depends upon the
chemical and mineralogical composition, nature and type of
clay used, besides heat treatment the body is subjected to.
When the body is heated, the chemically bound water in the
kaolinitic clay is expelled at san~ﬁoa“c, giving rise to
meta~kaolin phase'06 i,q. A1,0,.2 $10,. Between 700-1000°C,
the mixed alkali féldspars are transformed into homogenous
form called sanidinezse’ 259. It has also been shaf~26°
that meta kaolin phase at 925-950°C condenses to spinel
type mullite phase (2A1203.$ Siﬂz) and amorphous silica.
Also, in this temperature interval, melt phase begins to
form between sanidine and the amorphous silica in the clay
relicts. The sintering of the body also starts with the

melt formation, very slowly at first, but faster as the
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proportion of melt increases and its viscosity is lowered. |
At about 1000-1050%C, the mullite phase begins to develop2®'
in the clay phase relicts from the spinel type phase with ‘
discarding of silica. Around 1200°C, the mullite phase
also begins to form in feldspar relicts. With further

i

\
increase of temperature, mullite crystals continue to \

grow. E
The quartz grains are not significantly x

affected by other components below 1200°C. But above thiég
temperature, the dissolution of quartz grains begins, i
developing solution rims of crystal free glass. Above \
1&BQ°C, porcelain consists of mullite and glass with \
little content of quartz. The firing range of these
compositions is quite long since the viscosity of the
liquid phase increases as the amount of dissolved silice
increases. In this respect, the flint is contributing to

the resultant product and not acting as Just a Piller.

Ory clay (-120 ASTM) was mixed thoroughly
with poudered quartz and feldspar in 23131 ratio (by weight).
The wet ball milling of the ingredients wae done for about
10 hours to form a uniform and thick paste which was
subsequently dried at 110°C for 16 hours, Granulation was
then carried out by adding appropriate quantity of water
and (-40, +80) fraction of the material collected for
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preparing samples of different dimensions, as required in
various tests. Except for thermal expansion, all samples
were fired at 1150°¢ for 3 hours. Chemical analysis of

clay, guartz and feldspar used is given belowi-

§10, Al,0, Fe,0, Ti0, Cal Mgd Na,0 KO L.0,I,
(%) () R (®) @B (B (B (%) (%)

Felda= 64,25 17.87 0,76 0.08 0.20 = 115 12.84 0,35
par

Quartz 98.20 - - - - - - - 0.02

Procedures followed in determining the
various properties are briefly described belows
(i) X-Ray Analysis :

X-ray analysis was carried out in the same
manner as described in Sec. 2.2 for clay samples.

(ii) Electrical Properties :

The procedures adopted while determining
electrical conductivity, dielectric constant, dielectric
loss and dielestric strength of the circular pellets
(spproximately, 25 mm diameter and 3 mm thickness) pressed
at 7000 psi were essentially the same as given in Sec, 2.3.

(iii) Thermal Properties :

Thermal conductivity and thermal expansion

of specimens were determine in the following manner:
(a) Thermal conductivity .

An improvised form of Lee's apparatus was
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used to determine the conductivity of circular pellets

of above dimensions with one face maintained at 100°C
(Ti°6), using steam chest as a source of heat. Temperature
at the other face (72°s) wvas measured using Cu-Fe
thermocouple with metal disc placed on the sample., The
radiation loss from the periphery of the sample was,
however, minimised using non=-conducting cotton wool.

Conductivity was calculated employing the relation

dl X
K & MeBe dt » ﬁ( 1'__ 2)

where m and s are the mass and specific heat of the disc

respectively; g%, the slope giving the rate of cooling
of the disc at temperature 72; Xy the thickness in cms
and A, the area of sample in emczo

(b) Thermal Expansion .,

Expansionecontraction behaviour of
cylinderical test samples (approx. 50 mm in length and
10 mm diameter) pressed at 100 Kg/emz was measured using
an automatic dialatometer type 402 DA, manufactured by
NIZZEK, West Germany, having a controlled heating rate
of 8°C per minute. The coefficient of expansion was
calculated from the curve and plotted against temperaturs.

(iv) Mechanical Properties

Compressive, as well as, transverss
strength of the compacts pressed at 7000 psi was determined
adopting the following procedures



(a) Compressive Strength.

Compressive strength of specimens
(1 inch cube) was determined by Universal Testing Machine.
The load was applied to the specimen without shock and
increased slowly until it broke down, The leoad per unit
cross sectional area, which the sample could withstand,
was calculated as compressive strength and expressed to
the nearest whole number.

(b) Transverse Strength.

Transverse strength of rectangular bar
(approx. 9 em x 1 cm x 1 cm) was measured by placing it
over two wedges placed 6 cms apart and applying pressure
on the top surface by a third wedge, at a place midway
betwsen the length of the specimen., Pressure was increased
slowly, till the test piece broke down, Modulus of rupture
in lbs/inchz was calculated using the relation:

T =3 uL/2 872
where W is the bresking load in lbs; L,B and T the span
length, breadth and thickness of test piece, respectively,
in inches.

(v) Density and Porositys

These properties were determined following
the procedures given in Sece. 2.1+2.

But for x-ray analysis and expansion
contraction behaviour, all other properties were determined

for five specimens and their average values recorded.
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4,3 BBSERVATIONS AND DISCUSSIONS:

Observations on the x=-ray analysis,
electrical, thermal and mechanical properties have been
recorded and discussed briefly in sub-sections 4.3:1,
4¢3.2, 4.3.3 and 4.3.4, respectively.

4.3.1 X-ray Analysis |

X-ray diffraction pattern of the product
is given in Fig, 14 and the intensity of lines, as
estimated visually with their spacings recorded in
Table=12,

The position and intensity of the lines,
as evident from the diffraction data, prominently indicate
the presence of quartz, as well ass, mullite phase. The
reflection line corresponding to 4,13 A® suggests the
presence of quartz which does not interact and form
liguid due to its low reactivity at 1150°C. The position
of high intensity line at 3.20 A® is rather controversial.
Yhile Royzsz attributes it to the presence of quartz,
otherszsﬁ’ 264

lines at 2,39 A, 2,07 A%, 1,77 A%, 1.50 A® and 1.35 A°

assign to the mullite phase. The reflection

assert the presence of mullite, It ie believed20°» 266
that the degree of erystallinity, the nature and type of
impurities and experimental conditions greatly affect
the position and intensity of reflection lines.

267

It has been suggested that the mullite
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formation takes place either directly from the dissociation
of clay followed by nucleation and crystal growth or from
the solution of clay and feldspar with subsequent
crystallization, Experimental evidence supporting the

role of feldspar in mullite formation is, however, not

very strong, though HcUayzsa believes that the crystallization
starte at the clay boundaries by feldspar grains. Indeed,
there is sufficient evidence to show that the dissociated

clay forms the first glass phase due to its amorphous

nature and highly reactive charaattrzag. Clay glass reacts
with adsorbed salts and other impurities present in the

body, forming a glassy matrix before crystallization.

4‘0 3&2

The electrical characteristics of ceramic
ingulators depend upon the nature and type of different
phases formed at elevated temperatures, firing conditions,
the extent to which high temperature composition is
retained on cooling, besides the composition and structure‘
of the clay used, Observations on the electrical behaviour
of the trisxial composition have besn recorded in Table-13.
Indesd, in polycrystalline aggregates which are essentially
ionic in charactar, the contributions to the polarization
and hence conductivity, as well as, dielectric constant

244,245

are due to those ions which become more mobile

with the melt formation. Although, the development of
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erystalline mullite phase and grain growth should add

to the ease with which current flous and provide better
strength to the specimen, yet glass is the most important
phase which gives porcelain its fundamental electrical
properties, Alkalies which liberate from the feldspar
reaction diffuse into clay relicts and decrease the
porosity which in turn improves the electrical response,
Porosity of the order of 3.22% at 1150°C can significantly
lower the dielectric strength of the specimen. Dense

packs tend to react less on cooling than do the porous
ones, Although, electrical properties are frequently
correlated with porosity, yet the effect of porosity is to
control the kinetics of compositional changes rather than
any direct contribution.

4,3.,3 Thern

In dielectric materials heat transfer is
caused due to lattice vibrations, while the electrons
remain Fixad'ahd do not contribute significantly. Thermal
conductivity of polycrystalline materials depends upon the
arrangement and compositions of solid phases together
with the pore phase present, The thermal conductivity of
the system is comparable to the available data for
polyaggregates. It is considered? 0 that crystals with
complex structures have a greater tendency towards thermal

scattering of lattice waves and consequently shou low



conductivity. The presence of mullite phase in the product
with complex structure provides low mean free path for
thermostatic waves causing a reduction in the conductivity.
Also, the system has 3.,22% porosity, which is yet
another important Pactor?’ * 272 45 nonibit free
conduction. It is believed that while small pores act as
a barrier to heat flow, large pores increase the
conductivity at higﬁ temperatures, Also, the air present
in and the radiation across the pores contribute to heat
transfer, Since fine pores are unstable at elevated
temperatures, it is rather difficult to make high
temperature insulating materials from clay compositions.
The changes in volume of ceramic materials
uith temperature mainly depend upon their structure,
 besides the chemical and mineralogical composition. The
increase in volume may be determined by the increased
ampiituda of vibrations due to increase in the lattice
energy which ultimately results in larger atomic separations
causing lattice expansion, The expansion contraction
behaviour of triaxial system is plotted in Fige 18.
Initial expansion upto around 400/500°C, considered to
be of reversible nature, is due to the presence of kaalin273,
The increase in the co-efficient betusen 500 to 600/650°C
may be confered to the «C=p transition of quartz. The

volume stability observed in the temperature range of
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600/650°C to 800/850°C is possibly due to the fact that
the lattice collapse and recrystallisation of the clay
mineral is lnsufficient to counter balance the stablising
influence of the nonplastic components. Beyond 850/900°C
alkalies get liberated from the feldspar and form liquid,
the quantity and quality of which depends upon the
components present in the liquid phase, The liquid so
produced enters the voids in the system resulting in
sharp contraction, the rate and extent of which will
depend upon the stabilising effect of quartz content in
the body.

4,3,4 Mecha

In homogenous materials, rupture usually
involves a ripping; whereas in compogite materials with
hetrogencus grains, fracture plane follows a highly
complex path between various mineral phases. In compressive
fracture, layers of the body are squeezed together in
the direction of applied pressure, while transverse
fracture commences on the lower surface and is propogated
upuards througheht the spetimen,

Compressive strength of the system is
observed to be greater than the transverse due to the
fact that the ionic components are being forced inte
closer juxta-position, resulting an increase in the forces

of repulsion when an atom can only be separated from its
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neighbours by forces which are sufficient to squeez it
from its normal position,

There are various fadtors such as texture,
porosity, co-efficient of expansion and contraction,
firing condition etc. besides the chemiegal and
mineralogical composition, which affect the strength of
geramic materials. Fine particles, gensrally, facilitate
reactions on firing resulting an increase in strength.
During heating, the chemical reaction takes place betuween
mineral components forming liquid which surrounds more
refractory grains; on cooling it solidifies and acts as
a cement serving to bind the mass together, causing an
increase in strength. The development of mullite phase
may also provide a mass of interlocking particles, adding
to the strength. It is conaidaredZ?‘ that if the mullite
is the dominent crystalline phase, the change in the
rigidity is less or non existant. Although, there is only
a2 very ind&finihe relation between porosity and strength
of such materials, yet greater strength is incempatible
with higher porosity.

The slectrical, thermal and mechanical
properties of triaxial system studied do not warrant to
arrive at and predict specific conclusions based on the
factors contreolling these properties. It is an appalling
fact that polyerystalline aggregates, such as the product
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fall into mixed ionic-covalent class of crystals which
does not and possibly cannot provide any definite model
in relation to various mechanisms operating to control
the behaviour of the product. Indeed the davelapmanb of
various phases and complex structure involved make it
more difficult to understand and appreciate such mechanisms
fully and analyse or interpret the results satisfactorily
in a guantitative manner. It may be mentioned that glassy
phase is perhaps the most important factor which
contributes to these properties. This phasey; by itself is
dependent upon numerous factors, some of which cannot be

even identified adequately.



CHAPTER- V
GENERAL _DISCUSSIONS AND CONCLUSIONS
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1t is, indeed, an appalling truth that
the knouledge of physicoe-chemical properties and the
mineralogical composition of a clay mineral is an
essential prerequisite for its optimum exploitation in
any clay based industry, The determination of these
properties will avoid any wasteful and indiscriminate
ugse of the minerals for producing materials of doubtful
quality and performance. The study presented in the
thesis is, as a matter of fact, the first attempt of its
kind in which such a consistent and exhaustive data on
the physical, chemical and mineralogical aspeqts of six
clays occuring in Jammu Province of J&K State has been

given, The study reveals five out of six samples as

bentonitic and sixth as kaolinitic in character though
associated with varying amounts of other clay mineral
impurities. It has not been possible only to characterise
the deposits but also present data on thelr'ﬂlactriaal
response. Further, the study alse includes investigations
on the electrical, thermal and mechanical properties of a
typical triaxial system, prepared making use of the.cnly
kaolinitic variety by mixing it with quartz and feldspar.

General conclusions based on these
investigations may be summarised as under:

All the clays are alkaline in nature,

though by wvarying degrees. While clays from Parmandal,
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Jagati and Khanpur slake faster and show higher swelling,
Jungle Kali sample is practically non-swelling and also
takes much longer time to disintegrate. But for the two
bottom layers of Parmandal deposits which are eoarse,
lean and less plastic; all others are fairly compact,
fine in texture and have good plasticity. Workability of
all bentonitic varieties, indeed bear a cognizable
relationship with water of plasticity, particle size and
base exchange capacity. Kaolinitic clay of Jungle Kali
with least amount of water of plasticity and swelling
character is very good to work at owing to its fine
particle size. Viscosity of clays appear directly related
to particle size of individual sample. Increase in the
concentration of clay in the suspension, as expected
teduces the free motion of the fluid increasing the
viscosity: Addition of dispersing agents like sodium
carbonate and sodium silicate to clay suspension decreases
sharply the viscosity to a eritical point beyond which
it remains constant with any further addition of
‘aleekralytssa ‘ :
Chemical analysis data gives silica=alumina
ratio comparable to bentonites for all samples except
dungle Kali, The variations observed in this ratio and
other chemical constituents of bnntaaitna is expected due

to wide range of substitution within the lattice of such
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minerals and the nature and amount of exchangeable ions
in them. Base exchange capacity coupled with the swelling
behaviour and chemical analysis results assert that
except Jungle Kali clay which is kaoclinitic, all others
are Ca-Mg based bentonites, associated with small amounts
of sodium and potassium jons.

Fired properties like density, porosity
and shrinkage show significent changes initiating only
around B800°C, the exact temperature and the rate of
change being dependent upon the amount of fluxes, particle
size distribution and non clayey component present in
individual case. Alkaline fluxes start melting around
this temperature forming a liquid phase whish fills the
pores and decreases the porosity to minimum, when all the
pores are completely blocked. As expected the density at
this stage is meximum, Reduction in shrinkage depends
upon the quentum of gquartz and eilica present in the
sample which act as non reactive skelton in it, The fired
colour of materjals is compatible with the celouring
agents like oxides of iron and titanium, in which 'd'
shells being incomplete and valencies variable, exchange
of electrons can easily occur. But for Jungle qui variety,
all others vitrify around 1100°C,

Mineralogical composition as determined by
dehydration and differential thermal analysis amply reveal
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the presence of montmorillonite and illite in varying
proportions in all clays, except Jungle Kali in which
the presence of illite could not be unambiguously
established, though its kaolinitic character was
asgertained. X-ray analysis though in general, supplements
these results but fails to show the presence of illite
and even kaolinite in Jungle Kali sample due to the
presence of guartz which gives intense lines making it
difficult to analyse it accurately. Interestingly the
diffused pattern of bentonites bear relation to the
presence of Na and K and octahedral hydrates of Ca and Mg,
which do not give rise to stationery orbits. However,
infrared analysis when supplemented with the results
obtained by these techniques as mentioned above does
confirm that deposite from Parmandal, Jagati and Khanpurp
contain montmorillonite as principal mineral constituent
though in varying amount, associated with illite. Jungle
Kali clay could be characterised as a mixture of quartz,
kaolinite and illite.

Electrical conductivity, dielectric
constant, dielectric loss and dielectric strength increases
with temperature, as well as soaking period owing to the
increase in the amount of melt and possible development
of crystalline phase., Titania enhances the conduction

and dielectric constant., Alkaline fluxes add to electrical
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conductivity and dielectric loss but affect adversely

the dielectric constant and dielectric strength. Oxides
of calcium and magnesium, because of their large size,
retard the mobility of sodium and potassium ions by
filling up the critical sites through which the latter
have to pass, decreasing the conductivity, as well as,
loss. While iron oxide decreases the dielectric strength,
alumina adds to it.

Studies on the triaxial system reveal
the presence of mullite and quartz phases through x-ray
analysis, though it was difficult to predict whether
mullite phase developed directly from the dissociation of
clay feollowed by nucleation and subsequent crystal growth
or from the solution of clay and feldspar followsd by
erystallization. The elesctrical and thermal behaviour of
the product is fairly normal, but ite dielectrie,
compressive and transverse strength is rather poor.
Expansion=-contraction behaviour reveal X=B transition
of quartz between 500-650°C and rapid contraction beyond
850/900°C due to the liberation of alkalies from feldspar
reaction forming liquid.

Although there are numerous factors,
uhichvcuntrol the physico=-chemical, mineralogical and
electrical behaviour of alumionosilicates and the products

made therefrom, some of which have not been and also are




difficult to identify; yet it is hoped that the
investigations providing an extensive data on the various
aspects of the properties studied will suggest valuable
points for consideration, while making an attempt to
select these deposits for their purposeful utilization in
any clay based industry.
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